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Flood is a perpetual natural hazard in the deltaic part of the Ganges River in India. 
This research is focussed on formulating some effective decision making tools for the 
floodplain managers and local administrators in the Indian State of West Bengal. 
Geo-Information Technology has been extensively used to come up with spatial 
solution of this natural hazard. Apart from the first two chapters that deal with the 
introduction and description of the study area the thesis is subdivided into four main 
parts, as follows. 
     The first part presents a comprehensive literature review on the application of 
remote sensing to flood management with particular reference to Southeast Asia. It 
has been noted in this chapter that in majority of the scientific investigations flood 
depth is considered crucial for flood hazard mapping and a digital elevation model 
(DEM) is considered to be the most effective means to estimate flood depth from 
remotely sensed or hydrological data. In a flat terrain, accuracy of flood depth 
estimation depends primarily on the resolution of the DEM but flood estimation or 
hazard mapping attempt in this region is handicapped by poor availability of high 
resolution DEMs.   
     The second part is an effort to create meaningful flood hazard map for the flood 
prone areas of West Bengal. The issue of developing a comprehensive hazard map 
has been addressed in different scales. Administrative units have been chosen as the 
element of investigation because any remedial development measure is likely to be 
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implemented at this level. Flood hazard has been perceived as a combination of the 
frequency of flood occurrence, potential number of affected people, and availability 
of present infrastructure for evacuation and vulnerability of the community to a post 
flood epidemic. End products of this chapter are number of maps that incorporate 
different dimensions of flood hazard. 
     The third portion seeks to identify the rural settlements that are vulnerable to 
floods of a given magnitude. Vulnerability of a rural settlement is perceived as a 
function of two factors: presence of deep flood water in and around the settlement and 
its proximity to an elevated area for temporary shelter during an extreme hydrological 
event. Landsat ETM+ imagery acquired during the peak of a devastating flood has 
been used to identify the non-flooded areas within the flooded zone. Particular effort 
has been made to differentiate land from water under cloud shadow. A Geographical 
Information System has been employed to combine information to identify various 
settlements that are at different degree of flood risk. 
      The fourth part has combined cartographic and remotely sensed data to build a 
Geo-Information technology based flood shelter planning for the Ajay River Basin of 
West Bengal. A synthetic aperture radar (SAR) image, acquired during peak of 
flooding in 1995, has been used to identify the flood-prone settlements.  Distance 
Tools in Arc/INFO and RDBMS have been extensively exploited to determine the 
best possible location of flood shelters. The final product is a map showing the ideal 
location for elevated concrete structures that can serve as flood shelters for the 
vulnerable communities.     
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Most of the natural disasters in the world take place in the developing countries and 
especially in AsiaPacific, causing massive destruction and human suffering. Due to 
its geographical setting and economic dependence on agriculture, India is especially 
vulnerable to a number of natural hazards. Among all kind of natural hazards, floods 
are probably the most devastating, widespread and frequent. In the humid tropical and 
sub-tropical climates, especially in the realms of monsoon, river flooding is a 
recurrent natural phenomenon. Excessive rainfall within a short duration of time very 
often triggers flood in monsoon Asia. Monsoon river flooding not only causes huge 
damage of crops and infrastructure but also leads to massive siltation of reservoirs. 
This situation reduces capacity of the existing dams to store water and control floods. 
West Bengal state in India is strongly influenced by the southwestern monsoon. The 
deltaic part of West Bengal state, where 80% of annual precipitation is received in 
four wet months from June to September, is traditionally identified as a flood-prone 
area in India. The state has had flooding in 52 years out of the last 57 years since 
independence of India in 1947 (Irrigation and Waterways Department, Govt. of West 
Bengal, 2003).  
       Floodplain lands have always attracted people to settle because of the natural 
abundance of water and its proximity to the river. However, early settlers took care to 
selectively settle on the relatively higher ground in the floodplains. In West Bengal 
this situation has changed over the years. With rapid growth of population 
urbanization took place along the banks of Bhagirathi-Hoogly River and it triggered a 
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spontaneous growth of a range of activities such as, commercial, manufacturing and 
residential. Even though low-lying, some portion of the floodplain in Gangetic West 
Bengal eventually has become high value prime land.  
       Structural approaches for flood prevention have been quite popular throughout 
the 1950s through 70s. It involves construction of dams, reservoirs and embankments 
to prevent the over bank flow from reaching the nearby settlements. However, with 
consistent experience of disasters across the world soon it was realized that this 
approach has serious drawbacks.  They are very cost intensive. They can protect 
people normally from moderate floods but often fail to resist very high magnitude 
events. Huge amounts of money are required to build an infrastructure that is capable 
of protecting a very high return period event. Apart from the tangible shortcomings, 
protection works create a false sense of security among the settlers that leads more 
intensive land use in the flood-prone areas (Ansari, 2001).        
       Flood hazard mapping is one of the main components of a non-structural flood 
management strategy. Hazard, risk and vulnerability are three interrelated concepts in 
disaster management but they are not interchangeable terms. Hazard refers to the 
likelihood and magnitude of a disaster occurrence while vulnerability is characterized 
by the likely damage incurred in a hazardous area should a disaster strike.  The risk of 
a potential disaster depends on the likelihood and magnitude of occurrences of a 
potentially damaging event, as well as the magnitude of damage. Therefore, risk can 
be perceived as the product of hazard and vulnerability.  
 Although natural hazard management has been in the vision of Indian policy makers 
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for very long time it gained momentum only during the past decade after the General 
Assembly of United Nations declared 1989-99 as the International Decade for Natural 
Disaster Reduction (IDNDR). It has been increasingly realized that over the time the 
negative impact of natural calamities over the national economy has been increasing. 
It should be kept in mind that extreme hydrological events are natural phenomena and 
it may not be possible to completely avoid the flood related disasters but planning 
should be done in advance to minimize the loss of life and property if natural disaster 
strikes an area. Remedial land use planning in the floodplain can facilitate effective 
use of the land that is consistent with the overall development of the flood-prone 
communities. It should be geared towards promoting the health and safety of the 
existing vulnerable settlers of the flood-prone area.  To achieve this goal various 
aspects of the existing land use and the nature of the flood should be analyzed.  
       Natural hazard mapping is primarily centred upon the physical environment and 
associated environmental processes, but human interventions like levee or dam 
construction or land use also play an implicit role. Natural hazard models are either 
inductive combination of hazard layers or deterministic models of associated physical 
processes (Wadge et al, 1993). In recent years, a number of studies have recognized 
the importance of estimating people’s vulnerability to natural hazards, rather than 
retaining a narrow focus on the physical processes of the hazard itself (Mitchell, 
1999; Hewitt, 1997; Varley, 1994). Cannon (2000) argues that natural disaster is a 
function of both natural hazard and vulnerable people. He emphasizes the need to 
understand the interaction between the hazard and people’s vulnerability. 
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       Cova (1999) envisages that Geo-Information Technology can be utilized in 
natural disaster management in 3 stages: mitigation, preparedness and response, and 
recovery. GIS-based analytical modeling is the key in the mitigation phase. Important 
elements of this stage are long-term assessment of hazard, planning, forecasting, and 
management. In the preparedness and response stage, GIS is utilized to execute an 
emergency response plan, whereas the recovery stage mainly consists of several 
efforts to bring life to normal condition after any kind of natural disaster. GIS can 
effectively reveal the inherent spatial variation in hazard, vulnerability and ultimately 
the risk. The primary focus of this study lies in mitigation. However, the issue of 
preparedness and response has also been addressed in a less intensive manner.  
 
1.2 Aims and purpose of the study 
 
This research seeks to develop a group of methodologies to formulate some effective 
decision making tools for the floodplain managers and local administrators in the 
Indian State of West Bengal. It is argued all through the thesis that geographical 
information science and remote sensing have enormous potential in planning 
mitigation strategies for natural disasters, such as river flooding. This thesis 
demonstrates that geo-spatial technology can provide efficient decision making tools 
at a very competitive cost to combat floods. Although it is mentioned very often that 
building a spatial database can be expensive for the developing countries we cannot 
ignore the recent development in this branch of science and technology. It is 
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recognized that building a very high-resolution spatial database is an ambitious 
planning for the data poor flood-prone countries of Asia. However, methodologies 
can be developed to incorporate relevant non-spatial information with existing maps 
to build a moderate resolution flood hazard spatial database. The study has addressed 
the issue from the perspective of different scales to optimize the use of all available 
spatial data for the study area. Resource constraints of a developing country have 




1.3 Structure of the Thesis 
 
 Apart from the first two chapters that deal with the introduction and description of 
the study area the thesis is subdivided into four main parts. A comprehensive 
literature review on the application of GIS and remote sensing to flood management 
is followed by an effort to create meaningful flood hazard maps for the flood prone 
areas of West Bengal. The review part addresses evolution of remote sensing 
technology as a tool for devising cost effective flood management strategy. Special 
attention has been paid to to the pros and cons of applying Geo-Information 
Technology in the flat floodplains of Asia. It has been pointed out that the limited 
availability of high-resolution terrain data and the sparse network of gauging stations 
make it particularly difficult to apply western flood hazard assessment models in the 
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developing countries. The second portion incorporates human and infrastructure 
aspects such as population density and the provision of safe drinking water in order to 
account for different dimensions of flood related hazards. The third part deals with 
application of satellite images for the detection of vulnerable settlements. In this 
chapter a very high magnitude flood, occurred in 2000, has been studied to explore 
how the location of individual settlements vis-à-vis the flood prone zone expose them 
to different level of flood hazard.  In the fourth part, a GIS based spatial model has 
been built to optimize site selection for flood shelters. The concluding chapter 
summarizes the achievement of this study and outlines further prospect in research 

































2.1 Brief introduction 
The study area of this investigation extends over three major river basins of southern 
West Bengal, namely the Bhagirathi-Hoogly, Jalangi and Churni (Figure 2.1).  
  
Figure 2.1. Bhagirathi-Hoogly, Jalangi and Churni River Basins in West Bengal, 
India. Administrative boundary of Development Blocks are shown. Inset showing 
location of the study area in India.  
 
All three rivers are distributaries of the main branch of Ganga River. Bhagirathi flows 
southwards for 560 km through the alluvial plains of West Bengal and discharges in 
Bay of Bengal. The river follows a lithological weakness, formed by the contact of 




the delta building operation for the last two centuries the Ganga migrated easterly 
from the river Bhagirathi to the river Padma. Due to sedimentation and subsidence of 
Central Bengal and the easterly migration of the main flow of Ganga, a series of 
intermediate distributaries such as Jalangi, Churni, Bhairab were opened (Rudra, 
1987). This process led to the decay of Bhagirathi River.  
       The lower Ganga valley has been formed by enormous deposition of Tertiary and 
Quaternary sediments brought down by the Ganga, Brahmaputra and other smaller 
rivers of the Chota Nagpur Plateau. Patches of reddish ferralitic-laterite surface 
occasionally interrupt the grey alluvial surfaces of Gangetic West Bengal.  Origin of 
these surfaces has been explained by variety of mechanisms: the most acceptable 
view envisages that these older deposits are remnants of Pleistocene deposits formed 
by the fluctuation of sea level (La Touche, 1919; Rizvi, 1957). 
       Gangetic West Bengal is characterized by a vast fertile alluvial landscape, 
patches of lateritic deposits, numerous rivers, and abandoned channels.  Meander 
loops, cut-offs, swamps and littoral tracts with creeks, and cross channels are widely 
found geomorphic features of this region (Figure 2.2). According to Bagchi’s (1945) 
sub-regional classification of the Bengal Delta, the study area is identified as a 
moribund delta. In this section of the delta, the rivers are decaying and the land 
building process has entirely ceased. Due to its comparatively higher elevation and 
high levees, this area is traditionally less flood-prone than the area that lies further 




Figure: 2.2. Landsat ETM+ Natural colour composite of April, 2003 showing 
meandering rivers, ox-bow lakes and misfit channels in Lower Ganga Basin, West 
Bengal, India 
 
between the Bhagirathi and the Jalangi Rivers is an elongated depression and the 
Churni Basin area is almost entirely low-lying in comparison to rest of the Gangetic 
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West Bengal. Therefore, this zone is liable to flooding. In the Nadia and Hoogly 
districts, this belt is bounded by the 10 m contour lines. Figure 2.3 clearly depicts the 











Three River Basins of Gangetic West Bengal
RELIEF
HEIGHT IN METRE (ASL)
±
75 0 75 Kilometers
Location of Study Area
 
Figure: 2.3. Relief map of Gangetic West Bengal showing three major river basins. 
The elevation is derived from Global 30 Arc Second Elevation Model (GTOP30) of 
United States Geological Survey. 
 
Interfluves of the numerous distributaries are ill drained (Spate, 1965) and very often 
cause water logging during the monsoon season. This situation ultimately led to 
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stagnation of water and development of cut-off channels known as bills. Although the 
rivers are bounded by levees still their gradient is very gentle from middle course to 
river mouth. Consequently extent of marshes is increasing and during heavy 
precipitation the marshes encroach adjacent flood plains beyond their normal limits. 
There is a marked distinction in the channel pattern of the streams lying east and west 
of Bhagirathi River. Sinuosity indices of the rivers in the eastern side of Bhagirathi 
River are very high compared to the West (Goswami, 1983). The overall 
geomorphology of the study area depicts a degenerating fluvial system. 
       Ganga Delta is world’s one of the most densely populated regions. Highly fertile 
alluvial soil, abundance of water and mild climate have been attracting people for 
centuries to settle here.  The three river basins are overwhelmingly rural with 
agriculture as the main source of livelihood. Currently, Development Block wise 
population density in the study area varies from 385 to 3846 persons per Km 2.  
Figure 2.4 depicts the overall distribution of population in the study area. Population 
density is quite high in the eastern and southern portion of the area. Proximity to 
Kolkata urban mass is the main cause of increasing population density in the south 
while very high productivity of land and multiple cropping explains above average 
population density in the eastern section. A couple of isolated development blocks in 
the north also exhibits high population density due to its existence of moderate urban 







Figure 2.4.  Population density of the study area. Source of data: Census of  India, 
2001 
 
2.2 Analysis of floods in Gangetic West Bengal 
 
Due to its geographical location at the tail end of the extensive Ganga Basin, West 
Bengal has a very limited capacity to control extremely hydrological events resulting 
from the upper catchment of the River Ganga and its tributaries. Most of the floods in 
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West Bengal are attributable to strengthening of monsoon weather over sub-
himalayan West Bengal due to westward movement of depression from the head of 
the Bay of Bengal (Chatterjee and Bagchi, 1961). Exceptionally heavy rainfall over a 
shorter period of time very often triggers a disastrous flood in West Bengal.    
       After the independence of India, 1956, 1959, 1978, 1995, 1999 and 2000 are 
identified as years that received abnormally high precipitation and hence, severe 
floods (Basu, 2001). The 2000 flood in September-October was the worst in terms of 
its scale and damage caused. West Bengal Government estimated that a total of 171 
blocks of the state (23,756 km2 ) was affected. Total loss was estimated to be 56,600 
million Rupees (1,132 million US$) (Ganashakti, 2000). Severity of that event and 
the hardship of the local people can be witnessed in Plate 2.1 and 2.2. Abnormally 
high rainfall for four days in the upper catchment areas of the western tributaries of 
Bhagirathi River was responsible for this natural calamity. The severity of the event 
was so high that many low lying areas of Nadia district remained water-logged for 
over three weeks with the depth of water estimated as high as 3 m (Rudra, 2001). 
 
 
Plate 2.1 Inundated area in Kandi Block, West Bengal in September 2000. 







Plate 2.2 Army had been called upon for rescue operation of flood victims during                       
September 2000 Flood in West Bengal, India. 
Source: Anandabazar Patrika, 26th September, 2000 
 
For quantitative assessment of the flood situation, a flood frequency analysis has been 
undertaken. Depth of floodwater is considered as the most important indicator of 
flood induced damage (Townsend et al., 1998; Wadge et al., 1993). 42 years of river 
stage data for Jalangi Basin have been used for analyzing the trend of flood 
occurrence in Gangetic West Bengal. The data have been collected at Swarupgunj 
gauging station. Its location is indicated in Figure 2.1.  Annual maximum data have 
been used for the frequency analysis. It is recognized that annual maximum series 
may result in loss of some information. For example, the 2nd or 3rd peak in one year 
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may be greater than the maximum record in another year (Kite, 1977). Considering 
observations above a certain threshold, i.e. partial duration series, may solve this 
problem but the analysis would be limited by the fact that the observations may not 
be independent (Chow et al, 1988). 
 
Plotting positions for the stage data have been obtained by Weibull’s formula (1939) 
and the probability values (p) have been calculated in percentage as  
 
p = [m / (n + 1)] × 100 
 
 Where m is the rank of the stage value and n is the total number of years in the 
record. After experimenting with different probability distribution it has been found 
that the stage data fits well in a lognormal distribution with two parameters. After 
transforming the stage data into its natural logarithm a probability plot has been 
drawn to visually analyze agreement of the dataset with lognormal distribution 



































Figure 2.5  Probability plot illustrating agreement of annual maximum stage data with 
lognormal distribution, River Jalangi, Gauging Station: Swrupgunj, Nadia. 
Source of data: Nadia Irrigation Division, Krishnanagar, Irrigation and Waterways  
Department Govt. of West Bengal,India. 
 
The stage data of Jalangi River fits well to lognormal distribution, especially at the 
extreme ends. The calculated probability values (p) have been plotted in a lognormal 
probability graph. An exponential graph has been fitted to the plotted points. The 
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flood frequency diagram is shown in Figure 2.6. The correlation coefficient ( r ) is 
0.977. It suggests a good agreement between the observed series and lognormal 
distribution. However, it is not able to represent very high magnitude events like 1959  
 
and 2000. For moderately high events such as, year- 1971, 1978, 1987, 1999, the 






















The concept of extreme danger level (EDL) is used to measure the trend of flooding 
in Jalangi Basin. If a river overtops the EDL, it is likely to spill over the 
embankments and cause inundation. EDL is decided by the local engineers and it is 
totally based on past flood experience. Each gauging station in west Bengal has its 
specific EDL from mean sea level. For Swarupgung gauging station the EDL is 9.2 
m. It has been measured from Figure 2.6 that the percentage chance of exceeding the 
natural log of 9.2 m (i.e. 2.47291) in each year is 38.85. Therefore, the stage data 
indicate that this flood has a return period of only 2.57 year in Jalangi River Basin. 
This observation clearly points out that Gangetic West Bengal is severely flood prone 
and desperately requires attention for formulating and implementing remedial 
measures. 
 
2.3 Factors responsible for increasing flood hazard in West Bengal 
 
Previous section describes West Bengal as a degenerating fluvial system. About 
twenty five rivers have perceptibly become moribund in last few centuries. However,  
for the last 4 decades it has been observed that rivers of Gangetic West Bengal are 
decaying at a faster rate than expected. Excessive sediment load, diminishing 
headwater supply, tidal intrusion, expansion of agricultural land and other 
indiscriminate anthropogenic interventions in the river basin are probably the main 
causes of this aggravated rate of river decay. The deltaic part of Bengal is 
characterized by interlacing moribund channels. This dense network of small streams 
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and rivers have decayed to such an extent that they are not easily identifiable from the 
adjoining landscape even in high resolution satellite imagery or aerial photographs. 
Most of the intermediate distributaries of Ganga remain disconnected from their main 
feeder for nine months of the year. This phenomenon reduces the discharge to a great 
amount and allows the excessive sedimentation in the river bed. Tidal intrusion also 
brings back a portion of the estuarine sediments through numerous creeks and outlets 
causing further congestion. 
          The uninterrupted natural growth of population and large scale human 
migration from erstwhile East Pakistan (Now Bangladesh) is the root of this problem. 
Serious human intervention in the river basins of Bengal started with the expansion of 
railways during the second half of 19th century. It has been further intensified with 
construction of numerous highways in the post colonial period. The highways and 
railroads in Southern part of West Bengal are aligned mainly in a north-south 
direction along the Bhagirathi-Hoogly River. These transport networks are typically 
built over embankments so that transportation is not get affected during normal flood. 
Yet there are insufficient passageways through these embankments to allow the 
eastward flowing runoff reach the Bay of Bengal. It is very common practice in West 
Bengal to intercept small channels with earthen dams to facilitate irrigation during 
dry season. Rivers are often partially blocked by huge quantities of earthen materials 
for fair-weather bridges. In the post-colonial period, the Irrigation Department of 
West Bengal has built a few thousand kilometres of embankments along the major 
rivers. These structures are also contributing to the over siltation of river bed and 
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increasing the risk of flooding. Breaching of embankments during high magnitude 
floods allows the storm water to enter human settlements in tremendous force causing 
havoc to life and property. This network of embankments is altering the natural 
drainage system of West Bengal by not allowing the overland flows to reach the sea 
in its normal time.  
       Distorted infrastructure development is not the only form of human intervention 
that is indirectly increasing the frequency of severe floods in West Bengal. Rivers are 
intercepted for personal commercial gains under political shelter and the government 
remains a mute witness (Rudra, 2001).  Fish breeding and brick manufacturing 
industries are the two main menaces that are accelerating the decay process. Breeding 
freshwater fishes is a very lucrative business in West Bengal. People canalise water 
from the rivers to the fish breeding ponds to ensure water supply during dry season. 
Along a small river named Ichhamati, the number of such illegal fish breeding ponds 
is more than 1000. In addition to this, 140 brick kilns have mushroomed in recent 
years along the bank of Ichhamati (Anandabazar Patrika, 2000). Water is an essential 
raw material for the brick industry. These brick kilns also breach river banks to divert 
water in their pools. Decay of small streams and irrigation canals is cited as one of the 
most important causes of flood in West Bengal (Bartaman, 2000). 
        The physical as well as cultural landscape of West Bengal has undergone 
substantial changes since the time when the sewage canals were planned and 
constructed. Due to the exponential growth of population in the post-colonial period, 
West Bengal faced a huge demand of land for building settlements. To meet this 
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demand, massive amounts of wetland, ponds and arable land have been converted 
into human settlements to meet this demand. An enormous increase in the amount of 
waste material has substantially reduced the water holding capacity of those canals 
(Karmakar, 2001). In some places it is hard to distinguish whether it is a sewage canal 
or a dumping ground of solid wastes. All these obnoxious practices ultimately lead to 























Chapter 3: APPLICATION OF REMOTE SENSING 
IN FLOOD MANAGEMENT WITH SPECIAL 























For formulating any flood management strategy the first step is to identify the area 
most vulnerable to flooding. This step is even more critical for the developing 
countries in the monsoon Asia as the funding available for developmental activities is 
very limited. Thus these funds need to be utilized optimally for the areas that suffer 
from river flooding most frequently. With the equipment currently installed at river 
gauging stations it is sometimes difficult to record an extreme flood event having a 
very high return period. In the developing counties, the density of gauging stations is 
very low and thus any flood prediction or risk assessment model tested in the 
developed countries faces acute shortage of ground data when applied. Remote 
sensing is a reliable way of providing synoptic coverage over a wide area in a very 
cost effective manner. It also overcomes the limitation of the ground stations to 
register data in an extreme hydrological event. In addition multi-date imageries equip 
the investigators with an additional tool of monitoring the change or reconstruct 
progress of a past flood. 
       For the last two decades advancement in the field of remote sensing and 
geographic information system (GIS) have greatly facilitated the operation of flood 
mapping and flood risk assessment. It is evident that GIS has a great role to play in 
natural hazard management because natural hazards are multi dimensional and the 
spatial component is inherent (Coppock, 1995). The main advantage of using GIS for 
flood management is that it not only generates a visualization of flooding but also 
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creates potential to further analyze this product to estimate probable damage due to 
flood (Hausmann et al., 1998; Clark, 1998). 
Smith (1997) reviews the application of remote sensing for detecting river inundation, 
stage and discharge. Since then, satellite remote sensing technology has evolved 
greatly, and a huge volume of papers have been published in this field in various 
scientific journals. The focus in this direction is shifting from flood boundary 
delineation to risk and damage assessment. Therefore, there is a need to review the 
current literature with a holistic view of dealing with various prospects and 
constraints of using the technology of remote sensing and GIS in flood management. 
This chapter presents recent developments on delineation of flooded area and flood 
hazard mapping using remote sensing and GIS. In particular this chapter draws 
attention on some of the issues associated with application of remote sensing in 
combating floods in extremely flat flood plains of monsoon Asia.  Our review 
includes three aspects. First, we focus on the development of remote sensing as a tool 
of flood delineation. Second, we emphasize the assessment of the intensity of flood 
hazards and damage. Third, we highlight some of the issues in the application of the 
technology with particular reference in the monsoon Asia, an agricultural area with 





3.2 Remote sensing as a tool of flooded area delineation 
  
3.2.1 Application of optical remote sensing 
 
In the initial stages of satellite remote sensing the data available was from Landsat 
Multi Spectral Scanner (MSS) with 80 m resolution. The pioneering investigations in 
the field of application of remote sensing in flood mitigation were predominantly 
concentrated on the flood prone regions of USA. MSS data were used to deal with the 
flood affected areas in Iowa (Hallberg et al., 1973; Rango et al., 1974), Arizona 
(Morrison et al., 1973), and Mississippi River basin (Deutsch et al., 1973; Deutsch et 
al., 1974; Rango et al., 1974; McGinnis et al., 1975; Morrison et al., 1976). MSS 
band 7 (0.8–1.1 µm) has been found particularly suitable for distinguishing water or 
moist soil from dry surface due to strong absorption of water in the near infrared 
range of the spectrum (Smith, 1997). 
       From the early 1980s, Landsat Thematic Mapper ™ imageries with 30 m 
resolution became the prime source of data for monitoring flood and delineating the 
boundary of inundation. Special attention was given to dealing with the problem the 
problem of dealing with the monsoon flooding in the developing countries like West 
Africa (Berg et al., 1983), India (Bhavsar, 1983) and Thailand (Ruangsiri et al., 
1984). For obvious reason Landsat TM band 4 proves to be very useful in 
discriminating water from the dry land surface because it is a near equivalent of MSS 
band 7. But Landsat TM NIR band cannot be used optimally in developed land use 
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areas such as downtown commercial or industrial areas. The main reason is that NIR 
band reflects very little energy for asphalt areas, appearing black in the imageries. 
Therefore makes it easy to confuse developed areas with water. Wang et al. (2002) 
successfully solved this problem by adding Landsat TM band 7 with the NIR (band 4) 
band to delineate the inundated areas. TM band 7 (2.08–2.35 micro metre) image the 
reflectance from water, paved road surface, and roof tops differs significantly and 
therefore in the Band4+Band7 image, it becomes easier to choose the density slice for 
extracting the flood water. But in some cases a simple density slice or supervised 
classification is not enough to identify the inundated area accurately. 
During later stages SPOT multi spectral imageries, were also used for flood 
delineation with the similar assumption that water has very low reflectance in the near 
infrared portion of the spectra. SPOT imageries, for example, were used along with a 
DEM for delineation of monsoon flood in Bangladesh (Brouder, 1994; Oberstadler et 
al., 1997; Profeti et al., 1997; Sado et al., 1997). 
        Apart from these medium resolution imageries coarse resolution imageries like 
Advanced Very High Resolution Radiometer Radiometer (AVHRR) data have been 
also found useful for floods of a regional dimension (Wiesnet et al., 1974; Huh et al., 
1985a–c; Ali et al., 1987; Islam et al., 2000a–c, 2001, 2002). Although AVHRR 
imageries are coarse in resolution and frequently contaminated by cloud cover its 
merit lies in its high temporal resolution. This advantage enables us the monitor the 
progress of a flood in near real-time. 
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       To use the capability of the near infra red band more effectively to detect water 
Normalized Difference Vegetation Index (NDVI) can be used to monitor river 
inundation from AVHRR images. It is well known that water has a unique spectral 
signature in near infrared which is very different from other surface features. 
Therefore, when a surface feature is inundated its NDVI value changes considerably 
from the normal situation. Wang et al. (2003) observed that in the lower reaches of 
the Yangtze River, the NDVI value for inundated surface features remains negative 
while the value for non inundated surface is commonly greater than 0. But choice of 
this threshold is very critical because natural condition of river flooding varies greatly 
from place to place. The main difficulties of selecting an appropriate threshold arise 
from two facts. Firstly the albedo of water bodies increases signi-ficantly due to high 
concentration of sediment in the flooded water and secondly, albedo of bare soil 
decreases considerably due to its high moisture content during the monsoon season. 
These two factors collectively reduce the difference in NDVI value between 
inundated and dry surface. In some studies, NDVI values of flood water were found 
to be significantly positive (Barton et al., 1989) Thus, a straight forward approach of 
using simple NDVI values might not be universally effective in delineation of 
inundated area. Moreover, many other factors such as atmospheric condition, cloud 
cover and satellite viewing angle also influence NDVI values and attempts should be 




3.2.2 Application of microwave remote sensing 
 
The existence of cloud cover appears as the single most important impediment to 
capture the progress of floods in bad weather condition (Rango et al., 1977; Lowry et 
al., 1981; Imhoff et al., 1987; Blyth et al., 1993; Rashid et al., 1993; Melack et al., 
1994). The development of microwave remote sensing, particularly radar imageries, 
solve the problem because radar pulse can penetrate cloud cover.  Currently the most 
common approach to flood management is to use synthetic aperture radar (SAR) 
imagery and optical remote sensing imagery simultaneously in one project (Honda et 
al., 1997; Liu et al., 1999; Chen et al., 1999). Apart from its all weather capability the 
most important advantage of using SAR imageries lies in its ability to sharply 
distinguish between land and water.  Thresholding is one of the most frequently used 
techniques in active remote sensing to segregate flooded areas from non flooded areas 
in a radar image (Liu, 1999; Townsend et al., 1998; Brivio et al., 2002). Commonly, a 
threshold value of radar back scatter is set in decibel (DB) and a binary algorithm is 
followed to determine whether a given raster cell is ‘flooded’ or not. Radar 
backscatter is computed as a function of the incidence angle of the sensor and digital 
number (DN) (Chen et al., 1999). The threshold values are determined by a number 
of processes depending on the study area and overall spectral signature of the 
imagery. 
       Change detection can be used as a powerful tool to detect flooded area in SAR 
imagery. It is generally performed by acquiring two imageries taken before and after 
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the flood. Coherence and amplitude change detection techniques are widely applied in 
SAR domain. In the amplitude approach, areas are estimated as flooded where the 
radar back scatter is observed to be in considerable decline from before flood to after 
flood imagery. In the coherence approach areas are generally identified as flooded 
where the coherence or correlation of radar backscatters from before and after flood 
imagery are very low (Nico et al., 2000). Multi-date SAR scenes for same area can be 
projected to red, green and blue channel to create colour a composite. Long et al. 
(2001) used three ERS SAR scenes to produce this kind of composite image. The 
composite image effectively depicts progress of a flood during a specific time period. 
This methodology is simple to execute and provides an opportunity to readily identify 
the area that remains water logged for maximum period of time. 
        The existing studies pointed out some common problems encountered in 
accurately extracting the flood affected area from SAR imageries. A major problem is 
associated with the relation between radar wave length and roughness of the terrain 
and water body. Normally pure and calm water acts as a specular reflector to the radar 
signals. Thus the radar antennae receive no backscatter and the water appears in dark 
tone in the SAR imageries. Rough water surface appears in brighter tone in the SAR 
imageries than the calm water (Yang et al., 1999). During floods, bad and windy 
condition usually prevails over the affected area. Wind induced ripples in the water 
surface frequently creates problems for the interpreter to determine the threshold 
value to delineate the flooded area. 
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       Forest cover also poses an obstacle to accurately identify inundated areas from a 
SAR image (Hess et al., 1990). The key to identify the inundated areas under forest 
cover lies in the fact that flooded forests produces a bright radar back scatter in 
contrast to non flooded forests due to a double bounce effect (Kundus et al., 2001), 
where as the flooded areas without a forest canopy appears dark in SAR imageries.  
The flooded forests reflect 2DB as radar back scatter in the L-band (Pope et al., 
1997). This particular property has been utilized to separate the inundated areas from 
the non inundated ones by applying the thresholding technique (Townsend et al., 
1998; Ali et al., 2001; Rosenqvist et al., 2002). A correct separation of the flooded 
and non-flooded settlements is also problematic. Normally the high back scatter of 
the buildings overlay the back scatter of flood water within the settlements. Rural 
settlements, especially in monsoon Asia are often surrounded by trees. Therefore, due 
to the effect of trees, inundation within the settlements is very difficult to detect 
(Oberstadler et al., 1997). 
        Establishing a universal threshold value for detecting flood is not justified. A 
particular algorithm of deriving the threshold for differentiating inundated areas from 
the dry land may not work with the same efficiency in varied natural setting.  Jin 
(1999) used DMPS SSM/I (Specific Sensor Microwave/Imager) data for this purpose 
and came to the conclusion that a particular algorithm developed on the basis of a wet 
land environment produces spurious result for inundated areas under forest canopy. 
He emphasized on the importance of knowledge in the regional geography of the area 
under investigation in setting any threshold value.  Combination of wave length, 
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incidence angle and polarization play a major role in influencing the interpreter’s 
ability to segregate flood areas from the non-flooded ones under forest canopy. Given 
the same wave length and incidence angle the ratio of back scatter from flooded 
forests to the non-flooded ones is higher in HH polarization than at VV polarization. 
It can be further demonstrated that while wave length and polarization parameters are 
held constant, the aforesaid ratio is larger under a small incidence angle than large 
(Wang et al., 1995). Radar back scatter also depends on the orientation of the rough 
surface (e.g., furrows of a ploughed field). As radar signals are directional in nature, 
same surface may produce different tonal signatures depending on the relative 
orientation of the rough surface to the radar antenna. 
        Radar incidence angle and the consequent variation in back scatter also pose 
difficulties in the delineation of inundated areas from SAR imageries. Generally, it is 
found that dealing with forested areas imageries taken at a lower incidence angle 
prove more useful compared to imageries taken at a higher incidence angle. 
Townsend et al. (1998) recommended the use of JERS SAR imageries to ERS for 
identification of flooded areas under forest canopy due smaller incidence angle of 
the former as compared the latter. This satellite has some edge over other earth 
observation satellite system to detect flooding under forest as the L-Band signal of 
JERS1 is particularly sensitive to standing water below the forest canopy (Rosenqvist 
et al., 2002). Radarsat SAR imageries is also preferable for flood mapping 
as compared to ERS as the former can rotate its sensor disseminating radar signal 
at different incidence angle. This manoeuvring capability proves very useful in 
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3.2.3 A combined approach 
 
In recent years, flood mapping efforts synthesize the advantages of both optical and 
microwave remote sensing technologies for better results. In some occasions this 
approach also leads to the formulation of better flood management strategy. In 
mountains, slopes positioned perpendicular to the radar beam only appears bright and 
all other areas appear as dark or shaded. This poses an obstacle to effectively identify 
the flooded areas in the mountains. Due to its shaded appearance it is very common to 
erroneously identify the mountainous areas as inundated. Yang et al.  (1999) came 
out with a solution to this problem by fusing Landsat TM imageries with SAR 
imageries. After extracting the mountain regions from a Land Sat TM data it was 
overlaid on the SAR imagery. To get rid of the spuriously demarcated ‘flooded’ area 
in the SAR imagery, the portion identified as mountain in the TM image was 
eliminated from it. This process led to accurate delineation of the inundated area. 
However, the authors realized that adoption of this method may result in removal of 
some existing water bodies from the actual hydrological layer of the mountainous 
area. To rectify this error, the TM data was consulted and the water bodies in the 
mountain region have been restored in the final output. This paper illustrates that the 
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method of using data captured by different sensors are not very straight forward and 
often requires iterative experiments to arrive at an optimal result. 
        In this context, the utility of generating land cover maps is realized as it provides 
information about permanent water bodies in normal hydrological condition and 
rescue the interpreter from possible confusion of including permanent water bodies as 
inundated area (Tholey et al., 1997). But while dealing with the monsoon flood one 
should consult the imagery of a wet season to carve out the natural drainage. 
Use of an imagery captured in dry season would lead to underestimation of the 
natural drainage, which in turn would lead to an overestimation of the flooded area 
(Islam et al., 2002). The efforts towards delineation of inundated area are ultimately 
aimed at assessing the impact of flood on our economy and livelihood. Land use 
maps obtained primarily from optical remote sensing are overlaid on the flood maps 
for assessing the degree of damage on different kind of land uses. Varieties of land 
use classification strategies have been adopted by researchers to estimate flood risk. 
An analysis of most of the papers show predominance of classifying land use pattern 
of the flood prone areas into conventional categories like cropland, urban area, barren 
land etc (Islam et al., 2001). However, these conventional land cover classifications 
do not serve the purpose optimally. Since damage inflicted over areas of high value 
land use is of greater concern a more detailed classification of the economically 
intensive land use is recommended. It can be done meaningfully by clubbing low 
value land use areas like barren land, forest, marshy land into one category and 
applying a rigorous classification of arable land and urban areas (Honda, 1997).  It is 
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also realized that a data archive for selected satellites should be built for the 
developing countries. This kind of archive would depict the background land cover 
condition for the study area over different seasons and facilitate the process of change 
detection. Only with such a data set can remote sensing of flooded areas become a 
useful tool in flood management and mitigation. 
 
3.3 Flood Hazard & Risk Mapping with GIS and Remote Sensing 
 
Another primary issue for flood management is to identify the area having higher 
hazard potential. Hazard can be defined as some threat, natural, technological, or civil 
to people, property and environment and risk is viewed as the probability that a 
hazard will occur during a particular time period. Flood is a natural hazard and flood 
risk is defined in terms of hundred-year flood (Godschalk, 1991). The issue of 
preparing a reliable hazard map is one of the latest concerns within the subject of 
flood management. 
       Different approaches have been taken to map the potential hazard. Rejesk (1993) 
introduces three different methods for hazard zoning. His 1st method describes a 
binary model which evaluates whether the hazard is present or not in a particular 
raster cell. The 2nd method involves ranking different locations of an area depending 
upon the intensity of the hazard present. In the last approach some ‘hazard’ values 
have been assigned to each of the raster cells based on the results of a multivariate 
model which were built up on a host of variables related to river flooding and 
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associated hazards. But the quantification of the severity of the hazard in some units 
or numbers as proposed by Rejesk (1993) in his last approach was criticized by some 
authors (Wadge et al., 1993). 
       Flood depth is considered as the most important indicator of the intensity of the 
hazard (Islam et al., 2001, 2000; Townsend et al., 1998; Wadge et al., 1993).  Flood 
risk maps are prepared depending on the estimated depth of inundation. The 
estimation is commonly derived from various hydrological and remotely sensed data. 
For identifying flood depth it is important to classify the phenomenon of river 
flooding into two categories, namely ‘non-source flood’ and ‘source flood’. 
‘Nonsource flood’ is defined as inundation caused by well distributed rain storm over 
a large area while ‘source flood’ describes inundation caused primarily by over bank 
flow, predominantly affecting areas near the river channel (Liu et al., 2002).  These 
two basic characteristics of overland flow have very significant implications for 
formulating the GIS model. In the case of ‘non-source’ floods, all the raster cells or 
vector points having an elevation below the water level are considered as ‘inundated’ 
while for source floods, it is necessary to simulate the path of over bank flow from 
the main channel to the adjacent flood plain to accurately estimate the flood affected 
area. 
        The concept of topographical convergence or wetness index (Beven et al., 1979; 
Moor et al., 1991;Wolock et al., 1995) was used tomeasure the depth of inundation 
(Townsend et al., 1998). The concept of wetness index is based on the assumption 
that the accumulation of water in a particular cell of a raster depends upon the area of 
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the upslope region contributing water to that particular cell. The main problem of 
using this index is that when a slope tends to zero the wetness index becomes 
undefined. Thus this index is not very useful for modelling in extremely flat flood 
plains. Townsend et al. (1998) also used another model for simulating ‘source 
flooding’. The model assumes that the potential for any site to be inundated is directly 
related to the difference in elevation between that site and the river at its nearest 
hydrological link. 
Perhaps the most innovative, simple and cost effective study regarding flood hazard 
management has been conducted by Islam et al. (2001). He assessed the flood depth 
from NOAA AVHRR imageries simply by the tonal difference of the flood water. In 
this study, the flood affected area was subdivided into different flood depth zones 
using supervised classification. To accurately identify the training sets, the AVHRR 
data was superimposed over a DEM. Flood hazard has been assessed by calculating a 
weighted score for each land use, physiographic and geologic divisions of the 
country. Highlight of this methodology is that it assigns greater weightage to the 
categories of deeper flood depth in an exponential manner. In other words, for the 
shallow depth, the weightage increases in a progressive manner but beyond a certain 
depth the increment of weightage is much higher than the previous depth categories. 
This process ensures that areas having higher depth of inundation will be assigned a 
high ‘hazard denomination’. The rationale is that after a certain depth, the flood water 
becomes very destructive and identifying this critical depth is very crucial for 
mapping hazard zone. This depth of water or more precisely the critical river stage is 
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likely to vary from region to region depending on the local topography, building 
materials, settlement pattern etc.  Population density and hazard ranking have been 
multiplied to produce land development priority maps. Zones of this type of maps 
indicate development priority for flood counter measures (Islam et al., 2002). This 
method is heavily dependent upon the skill of the analyst who chooses the training 
sites for different depth of inundation. The process of choosing the training sets is 
likely to be hampered by forest cover and varying sediment load of the flood water 
which may alter the natural relationship of depth of the water and its tonal 
appearance. The main limitation of this approach is that AVHRR imageries are too 
coarse to be used for analyzing a local flood and cloud free images are very rare, 
especially in Monsoon season.  Boyle et al. (1998) used an even more diverse dataset 
to estimate flood risk.  Land use, hydraulic characteristics and human activities like 
demography, property values and land ownership have been taken into consideration 
to determine the type, location and severity of the hazard produced by the floods. 
Maps have been prepared showing the properties under potential risk in the events of 
floods having of 500, 100 to 5–2 years return period. 
       Flood hazard maps derived from coarse to moderate resolution imageries is misfit 
in the developed countries. This kind of flood hazard maps can hardly make any 
improvement to the existing flood insurance infrastructure in North America or 
Western Europe. But in contrast, these maps are extremely useful for the developing 
countries of monsoon Asia, countries like China, India and Bangladesh etc. These 
countries very often suffer from devastating monsoon flood and a large proportion of 
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the population in these countries live in the flood prone areas. In this part of the world 
flood insurance maps are often unheard of. Here flood hazard maps are primarily 
required for saving lives and livelihood of millions of marginal farmers. Thus, these 
flood hazard maps can be used meaningfully by planners to formulate effective 
strategies to combat this natural hazard.  With respect to the developed countries it is 
also the need of the hour to evaluate this present quest for enhancing the accuracy of 
flood risk mapping. It should be kept in mind that in one hand a very accurate flood 
risk map will exclude those individuals, found to be located at a very high flood risk 
area, from a flood insurance scheme. On the other hand, the insurance sector would 
lower the premium for those individuals who would be found at minimum flood risk 
zone. Thus, a very high resolution flood hazard map is likely to reverse the basic 
principle of insurance that loss of few should fall upon many (Clark, 1998). 
Therefore, generalizing the risk zones to a certain extent is likely to be more 
beneficial to the community as a whole. 
       Hazard maps should have a good visual effect so that the end user can have an 
overview of the entire situation at a glance. In recent times hazard maps have become 
so technical in nature that they convey very little information to the planners and 
policy makers (Rocha et al., 1994). Unless the experts of hydrology and GIS 




3.4 Some Issues of Remote Sensing Applications with Special Reference to 
Monsoon Asia 
 
Having briefly given an overview of the development and methods of the application 
of remote sensing in flood management, this section tries to highlight the constraints 
of applying this technique. Some of the problems, for example, agricultural damage 
assessment, are typical for monsoon Asia which is heavily dependant on agriculture. 
3.4.1 Dependency of digital elevation models in flood management  
 
         In a majority of the studies dealing with the application of remote sensing in 
inundated area delineation and flood risk assessment, digital elevation models (DEM) 
are used to visualize the interface of flood water with the terrain. Flood depth is 
normally calculated by subtracting the elevation of each cell in a raster from its water 
level (Brouder, 1994; Townsend et al., 1998; Ali et al., 2001; Islam et al., 2002). 
DEMs are also used to simulate the flood depth from discharge data and very often 
the result is compared with actual flooded area derived from satellite imageries. As 
the spatial extent of inundation is subjected to a method of cross checking this 
methodology is likely to yield a more accurate flood map as compared to one derived 
from pure hydrological modelling. The main drawback of this approach is that it is 
fully dependent on the accuracy of the DEM (Jones et al., 1998). In the largely 
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featureless plains of monsoon Asia, the accuracy required of the DEMs is almost 
unattainable. 
       In a flat flood plain, where a vertical error of 1 m in the DEM may lead to an 
error of 100s of square kilometres in flood estimation, recognition of the magnitude 
of errors in the DEM is a matter of great consideration in hydrological modelling. 
This issue has been addressed from the view point of its significance in flood plain 
mapping (Lee et al., 1992; Hunter et al., 1995). In the near absence of high resolution 
DEMs required for flood mapping in a very flat terrain, multidate SAR imageries can 
serve as a very potent alternative data set in Monsoon Asia. For example, multidate 
Radarsat imageries were used in monsoon Asia to depict progress of a flood from its 
inception to the peak (Liu,1999; Chen, 1999). 
This particular operation can create a visualization of the course of inundation from 
the river channel to the adjacent low lying areas of the flood plain and complement 
the method of flow direction simulation. Although multi-date imageries can serve as 
an alternative of flow direction simulation, it has severe limitation of determining the 
flood depth. A very accurate terrain data base regarding the local flood plain 
morphology is an essential prerequisite for such an operation. The flood water 
intersecting with the slope is taken as the primary indicator of determining flood 
depth. Thus for the gently sloping topography, the resolution of the terrain data 
actually controls the accuracy of the estimated flood depth (Brakenridge et al., 1998). 
In the light of this scenario it is evident that high resolution satellite imageries or 
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aerial photographs are indispensable for preparing an accurate DEM which can meet 
the precision level of a flood depth investigation.   
       One of the recent developments in the application of remote sensing to flood 
related problems is the use of LIDAR (Light Detecting and Ranging) sensor. In the 
developed countries, especially in USA, this technology has become very popular for 
creating DEMs for flood prone areas. The beauty of using LIDAR sensor is that it can 
readily identify the vertical differences in the landforms and can be exploited as a 
powerful instrument to create DEMs of exceptional accuracy. This sensor can also 
detect the flood depth. Although LIDAR sensor can attain the vertical accuracy of 5 
cm or better, it is difficult to map it in that resolution. Due to the limitation of GPS 
systems to locate an aircraft/sensor functionally LIDAR generated DEMs are released 
at an accuracy of 15 to 25 cm RMSE. Moreover the accuracy decreases gradually 
with increase in the density of vegetation cover of the ground (Hodgson et al., 2003). 
Although LIDAR data is even more expensive than the SAR imageries, sometimes it 
provides the only appropriate option to do flood mapping in the extremely flat flood 
plains. Fowler (2000) maintained that the resolution of the LIDAR data depends upon 
the intensity of the laser pulses and any attempt to make the survey more intensive by 
increasing the laser pulses would increase the cost of the data exponentially. 
3.4.2 Agricultural damage assessment 
 
Boyle et al. (1998) classified flood damages into two categories; tangible and 
intangible.  Tangible damage occurs due to direct contact with the flood water 
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whereas intangible damage is exemplified by the loss of historical monuments, 
heritage sites etc. A disease assuming a form of an epidemic due to flood is also 
categorized as an intangible damage. In the agricultural landscape of monsoon Asia, 
estimation of agricultural damages requires special attention. Asia’s population is 
predominantly rural and its economy is heavily reliant on agriculture. Monsoon flood 
often creates havoc on the economy by damaging the standing paddy. This problem is 
very unique for monsoon Asia because in the developed world damage to urban area 
and infrastructure facilities is of utmost concern to government authorities. Hence, in 
this section we shall emphasize on studies dealing with application of remote sensing 
in assessment of agricultural damage. 
       Erosion of top soil due to a flash flood and deposition of flood borne coarse sand 
reduce the fertility of soil very severely and thus have a negative impact on 
agricultural economy. The process of change detection is found useful to monitor this 
kind of damage to agricultural land. The most widely used procedure is to monitor the 
change in brightness value (VB) at a particular wave length or different bands to 
identify the erosion caused by a flood. Several change detection techniques like 
Spectral Image Differencing (SID), Tasseled Cap Brightness Image Differencing 
(TCBID), Principal Component Analysis (PCA), and Spectral Change Vector 
Analysis (SCVA) are employed for the purpose of detecting the erosions due to 
flooding, but for Landsat TM data, SCVA is found to yield most accurate result 
(Dhakal et al., 2002). 
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        In the flood plains of monsoon Asia rice is the dominant crop. Landsat TM-4 
band (Near Infrared) has been extensively used to estimate the damage to rice crops 
due to flood (Shibayama et al., 1989; Okamoto et al., 1996) while the use of band 3 is 
also considered to be very effective in assessment of paddy field damage (Yamagata 
et al., 1988) due to its very high reflectance in turbid or muddy water typically 
associated with flooded paddy field in the riverine plains of monsoon Asia (Millar et 
al., 1983; Patel et al., 1985). The studies in this direction even attempted to estimate 
the quantum of crop damage from satellite data. For example, a DN value of 84 (in 
TM-4) indicates a yield of 3.0 metric tons/ha, whereas a value around 55 corresponds 
to no crop in North Korea (Okamoto et al., 1997). The main shortcoming of 
formulating a universal range of DN number is that it might fail to extract accurate 
information for different varieties of rice crops. 
Traditional supervised classification by maximum likelihood method generally 
perform well in flood affected agricultural area where the instantaneous field of view 
(IFOV) is less than the inundated segment of land and the land use is dominated 
by crop lands (Jensen et al., 1995; Hugennin et al., 1997). The mean value of 
Normalized Difference Vegetation Index (NDVI) derived from JERS-1 OPS data was 
used to differentiate damaged crops from undamaged one in North Korea 
(Choen et al., 1998) because vegetation condition or biomass over a portion of land is 
highly correlated with NDVI (Singh, 1989; Tappan et al., 1992; Gamon et al., 
1995; Michener et al., 1997; Loyn et al., 1998). 
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3.4.3 Problem of temporal resolution in flood management 
 
 Devastating floods are generally low frequency, high magnitude natural phenomena.  
Flash floods occur within a very short interval of time and the peak stage remains 
only for a couple of hours, but the most extensive and severe damage takes place 
during that time. With the current Radarsat resources it is very difficult to capture the 
spatial extent of a flood at its peak. Thus, attempts have been made to extrapolate the 
extent of inundation at the peak of a flood from an image acquired at a later stage of 
the event. Some GIS algorithms in ARC/INFO are promising to perform this 
extrapolation from an image that captures some standing water only at a time when 
the flood peak had already passed. The method of ‘least accumulation cost distance’ 
can provide a viable solution to this problem (Brivio et al., 2002).  This principle 
simulates flow direction from the river channel to the flood plain based on the 
assumption that water flows through the path where the work done in doing so is 
least.This methodology yielded a remarkable accuracy of 96.7 percent when 
compared with the areal photographs of the peak of the particular flood event which 
occurred in November 1994 in Italy. The main weakness of this approach is that the 
‘least accumulation cost distance’ operates on certain values of the raster cells which 
represent the roughness of the terrain causing frictional drag to the overflowing flood 
water. Since roughness is a function of a host of other geomorphic and lithological 
factors, it is very difficult to control the parameters of the experiments in an area 
having diverse lithology and land use.  
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        Apart from the DEMs and remote sensing data, field work conducted in recently 
flood affected area can prove quite handy. Wang et al. (2002) used high-flood level 
marks of a recent flood on houses as a supplementary data set to the DEMs for 
estimating flood depth. This kind of data serve very well to reconstruct dimension of 
a past flood peak.  General studies of flood geomorphology also provide some 
insights to resolve this problem. Many very high magnitude floods may leave its 
permanent imprint in the flood plain morphology rather than creating some transient 
features (Brunsden et al., 1979).When the morphology of the basin perfectly suites 
with the magnitude and frequency of the flood event, the flood created features attain 
a state of permanency.  Since the frequency of such an event is high in the humid 
tropics, the interval between two high magnitude floods gets reduced here. It 
indirectly contributes to the permanency of the flood created characteristic 
morphological features in the flood plain (Gupta, 1983). The permanency of this kind 
of topographic features would be more prominent in areas of high relief and coarser 
valley sediments (Gupta, 1988). Hence in the humid tropics there is enough scope to 
use relatively inexpensive high resolution optical remote sensing not necessarily in 
the time of flooding to demarcate the areas vulnerable to river flooding. But the 
analyst has to be trained enough to identify the morphological features in the flood 





3.5 Conclusion and Prospective 
The preceding discussion regarding various facades of the prospects and constraints 
of using remote sensing and GIS for flood management unveils some significant 
facts. A majority of the researchers favoured multi date radar imageries to observe a 
particular flood event and considered different image processing techniques to 
overcome the limitations of remotely sensed data in flood delineation.  The main 
weaknesses of this type of approach are manifold. Most of the investigations 
mentioned in this paper are heavily dependent on the availability of satellite data, 
which is not always guaranteed for the time of peak flood. Rather than moving 
towards a comprehensive flood management strategy, these papers concentrated on 
some specific issues like delineation of flooded area etc. Most of these projects are on 
a very high budget and no attempts were made try to keep the cost low. Monsoon 
floods affect the developing countries more acutely than the developed ones. 
Therefore, while framing the methodology one should be aware of its feasibility in 
the operational area. Most of the studies in this field cannot achieve its desired level 
of accuracy without a very high resolution DEM, therefore, we need to develop 
alternative methodology to shed our dependence on high resolution terrain data. A 
detailed hydro-geomorphological mapping depicting the trace of past floods may help 
us in this direction. The hazard of monsoon flood and the destitute of people 
associated with it are very different from the industrially developed countries. Hence, 
we should adopt an improvised but effective methodology of risk and damage 
assessment to come out with meaningful flood hazard maps for this region. 
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       Application of remote sensing and GIS is convincingly a very efficient and cost 
effective way of flood management. Use of very high resolution imageries like 
IKONS or SPOT 5 have not been very popular yet in the field of flood management 
due to its high price, but it is likely that with these imageries would be available at a 
reasonable price and would be widely used for flood mapping. In the age of internet, 
GIS has assumed new dimensions, especially for coping with natural disasters like 
river flooding. The most important advantage of using internet based GIS is that it has 
opened the door of GIS technology to the end users who would not like to install 
expensive GIS software. One of the numerous examples is Arc IMS technology. This 
technology has been used to develop a web enabled application named Map Action 
Processing Digital Interactive Geo Resource (MAPDIGR) for providing very recent 
information regarding flood risk to an analyst via internet (Smith et al., 2002). This 
technology is at present at an embryonic stage of development but has great potential 
for expand the user base of GIS technology for flood management by substantially 
reducing the cost of operation.  Since the problem of flood is very acute in the 
developing countries of monsoon Asia, special attention should be given to deal with 
this problem in the regional context. GIS models having low cost and simple data 
requirement are likely to attract the local authorities in the developing countries to 
adopt this technology for input towards flood management system. The next chapter 
exhibits how historical flood data can be integrated with remote sensing and GIS 



























The detailed study of relevant scientific literature in the previous chapter has revealed 
different constraints of applying Geo-Information Technology in developing 
countries. Developing countries require a special kind of GIS that can utilize all 
existing flood related data to provide a cost effective solution. Creating a high-
resolution spatial dataset is a costly affair. Thus, it is the call of the hour to deviate 
from traditional flood prediction models that are based on the principles of 
hydrogeomorphology.  Recent advancement in remote sensing technology might 
facilitate this process by providing cheap and readily available data to flood 
management agencies in the developing countries. An archive of flood related geo-
spatial data would certainly facilitate floodplain management in the developing 
countries.  
         Flood is a natural phenomenon and is a common occurrence in the low-lying 
deltaic tract of West Bengal. It can also be seen as a beneficial phenomenon, 
especially for enhancing soil fertility on flood plains.  This natural phenomenon of 
river inundation becomes a matter of concern only when it endangers human life and 
property. Hazard can be defined as some kinds of threat, natural or civil, to people, 
property and environment (Godschalk, 1991).  The Irrigation and Waterways 
Department of West Bengal State has broadly identified the flood prone areas but 
little or no attempt has been made to integrate socio-economic or infrastructure data 
with the hydrological facts to evolve a flood hazard map. In a developing country like 
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India any development activity like undertaking anti-flood measure always suffers 
from severe financial constraints. To optimize the use of precious funds the planners 
are required to identify priority areaa for implementing remedial measures. A flood 
hazard map is an essential prerequisite for this task. 
       Mapping flood hazard is not a new endeavour in developed countries. The 
Federal Emergency Management Agency (FEMA) in USA, for example, has created 
a range of products and services from up-to-date flood insurance maps to post-
disaster hazard mitigation technical support (FEMA, 2003). These hazard maps are 
quite detailed and continuously being upgraded to keep pace with the dynamic land 
use changes within flood prone areas. However, such hazard maps are very data 
intensive in nature and primarily depend upon very high-resolution terrain data. The 
importance of very high resolution digital elevation models in flood hazard mapping 
has been emphasized in a number of current scientific investigations (Leenaers and 
Okx, 1989; Norman et al., 2001; Sanyal and Lu, 2004), however, given the current 
state of technology and geo-spatial data possessed by developing countries, 
preparation of this kind of hazard maps is not feasible. Islam et al (2000) formulated a 
methodology to prepare flood hazard maps for data poor Bangladesh. He considered 
three major flood events in the past decade to evolve a concept of ‘flood affected-
frequency’. This concept assigns a higher hazard rank to a particular pixel in the 
imagery that has been subjected to inundation for a majority of the chosen flood 
events. A composite hazard rank has been devised and flood hazard maps have been 
prepared for different physiographic, geologic and administrative divisions of 
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Bangladesh. In a later study he also integrated population density into the flood 
hazard maps in order to create land development priority maps (Islam, 2002). This 
kind of synthetic flood hazard maps is very promising in flood control, planning, 
design and overall management of flood plains in the developing countries but the 
primary source of data for such maps are coarse resolution NOAA-AVHRR 
imageries of 1 km2 spatial resolution and therefore are only suitable for national level 
macro planning.  
       The issue of flood hazard mapping in our study has been addressed from the 
perspective of different mapping scale in a geographic information system (GIS) 
environment. It is evident that GIS has a great role to play in natural hazard 
management because natural hazards are multi dimensional and the spatial 
component is inherent in it (Coppock, 1995). The main advantage of using GIS for 
flood management is that it not only generates a visualization of flooding but also has 
a huge potential to further analyze this product to estimate probable damage due to 
flood (Clark, 1998). The paper tries to illustrate how a useful flood hazard map can be 
prepared under information constraints, a typical phenomenon for the developing 
countries.  
        To quantify flood hazard a number of factors should be taken into consideration. 
These factors may include occurrence of floods over the past years, size of the 
population vulnerable to floods or the available infrastructure to undertake relief 
works in the time of contingency. Generally the quantitative information regarding 
each of these factors is available from different sources. The format of data 
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representation not only varies but also their spatial resolution differs from one source 
to another. In a GIS environment the primary concern is to append a database to a 
spatial unit for performing geographic analysis. Thus the choice of mapping scale 
holds the key for optimum use of available data. Creating a very high spatial 
resolution GIS database is costly and time consuming. We argue that a moderate 
resolution, low cost regional study would enable us to identify highly vulnerable zone 
and a detailed village level analysis of only these zones would save time and keep the 
total mapping cost low.  
          In order to illustrate our idea, we chose to undertake hazard mappings at two 
different scales: regional and sub-regional. In both cases administrative divisions 
have been selected as the unit of investigation. A flood hazard map based on 
administrative units will be particularly useful for planners and administrators for 
formulating remedial strategy. It will also make the process of resource allocation 
simpler, resulting in a smooth and an effective implementation of the adopted flood 
management strategy. Another motive of using administrative units for this study is 
the fact that most of the data regarding past flood, population and infrastructure are 
available at different administrative units in India. Terrain of Gangetic West Bengal 
has very little variation; change in slope is very gradual. Therefore, local terrain 
variation does not play a dominant role in shaping hydrological units. One 
administrative unit is not likely to be comprised of a number of hydrological units. 
The strategy of selecting administrative divisions as unit of enquiry fits well to this 
region.   
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4.2 Study focus 
 
The eastern part of the districts of Bardhaman, Murshidabad, Hoogly, Howrah, 
western part of North 24-Pargana and most of  Nadia and Kolkata constitute the 
administrative entity of these three river basins. Howrah district constitutes the 
extreme south of Bhagirathi-Hoogly basin. The three river basins are overwhelmingly 
rural and agriculture is the main source of livelihood for the people. To maintain 
homogeneity in the economic and demographic characteristics of the study area 
highly urbanized Kolkata and its suburbs in the North 24-Pargana district have also 
been deliberately excluded from the current study area. In the rest of our discussion 
we shall collectively designate these three river basins as Gangetic West Bengal 
(Figure 2.1). 
  
4.3 Flood hazard mapping at regional scale  
4.3.1 Mapping past flood experience 
 
We consider that the most important factor of flood hazard is its likelihood of 
inundation. It is convention that such areas are mapped using high-resolution terrain 
data. This is not practical because of lack of such data in developing countries 
(Sanyal and Lu, 2004).  Instead, we use the archived information obtained from the 
Annual Flood Reports of Government of West Bengal to produce a map that depicts 
frequency of flood occurrence from 1991 to 2000  (Figure 4.1). The Annual Flood 
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Reports record development block wise occurrence of river flooding in West Bengal. 
Development blocks are standard administrative units in India and most of the 
statistics, including census data, are collected on the basis of development blocks. A 
total of 69 blocks constitute the current study area. The higher frequency zones 
roughly correspond with the low-lying area (Figure 2.3). Most of the blocks in the 
northern part of Gangetic West Bengal were flooded as many as 6 occasions during 
last decade, whereas a number of development blocks situated at the SW of the region 





Figure 4.1  Map showing the number of occasions each development block has been 
subject to river flooding during the period of 1991 to 2000 
Source of information: Archive of Annual Flood Reports, Irrigation and Waterways  
Department, Government of West Bengal, India. 
Limitation of the archived information on block level flood is that when a block is 
reported as ‘inundated’ it does not mean that all part of the block is flooded. Actually, 
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in most of the occasions only a part of the block gets inundated. In order to evaluate 
its accuracy, we have chosen one part of Nadia District and compared the archived 
inundated report with the actual flooded map, in scale of 1:250, 000, created by Nadia 
Irrigation Division of Irrigation and Waterways Department in 1998.  It shows that a 
total of 1553 km2 area has been archived as flood affected (Figure 4.1), but only 671 













Figure 4.2 Map showing actual flooded area vis-à-vis the total administrative area of 
development blocks, part of Nadia District. Source: Nadia Irrigation Division, 
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Thus, for this area the 1998 archival data has an overall accuracy of only 43.22%. 
After we evaluated some other blocks, we found that the accuracy varies across the 
blocks for particular flood events, with accuracy level varying from 15.48% in 






Table: 4.1 Comparison of actual flooded area and reported flooded area of 6 blocks in 
Nadia District, 1998 
 
Therefore, the flood frequency map (Figure 4.1) does not depict the actual disposition 
of the flood prone zone. It only helps to identify areas where planners should give 
higher priority in carrying out a high cost, time consuming sub-regional village level 
study. However, we think that the concept of adopting a historical approach in 
estimating the likelihood of flooding of an area is promising compared to 
conventional methods. Conventional flood management studies use point source data 
like water discharge or river stage to assess flood frequency of an area. The result of 
such analysis is commonly extrapolated for the adjacent areas. With an administrative 
unit based study we can visualize spatial pattern of the land that has been chronically 
suffering from inundation. Unlike extrapolating point information this method may 








Kaligunj 56.088 362.34 15.48 
Nakshipara 200.097 317.18 63.09 
Tehatta-II 46.842 172.5 27.16 
Tehatta-I 39.7382 249.57 15.92 
Karimpur-I 214.162 215.83 99.23 
Karimpur-II 114.250 235.57 48.50 
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of this hazard. Advantage of this method lies in its simplicity and easy availability of 
the required data set. 
4.3.2 Variables used for hazard mapping  
 
After mapping the flood prone area it is important to make a flood hazard map by 
integrating other social and economic variables with hydrological data. Such a map 
would account for the intangible damages associated with floods (Boyle et al, 1998). 
All the variables and their details used at this scale are listed in Table 4.2. 
       Population density of the development blocks has been chosen as an indicator to 
quantify the economic assets under potential flood threat. This element in the hazard 
map would provide an effective guidance to resource allocation for undertaking 
remedial measures. One of the main components of flood mitigation strategy is rapid 
evacuation of the affected community. A good network of all-weather roads is an 
essential prerequisite of safe and effective evacuation during hazardous floods. This 
factor has drawn considerable attention in recent times and has been recognized as a 
core of non-structural measures of flood management (Rashid et al, 2002; Rashid et 
al, 2000). To quantify the ease of movement availability of surfaced road in each of 
the development blocks is considered. In other words, this variable has been chosen 
as an indicator of the availability of evacuation infrastructure of each block. Non-
surfaced roads have deliberately been omitted from the calculation because during 
monsoon season, especially during floods these roads are not reliable for evacuating 
affected population.  
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Table 4.2 Source of various data used in the preparation of regional and sub-regional level flood hazard mapping along with the 


















Number of flood  
Occurrence during  
1991 to 2000 
Risk of flooding flood-prone Annual Flood Reports, 
Irrigation and Waterways 
Deptt. W.B. India 
Population Density 
(Persons / Km2) 
Economic assets under 
flood threat 
pop-den Census of India, 2001 
Road Density 
(Km / Km2) 
Ease of evacuation and 
sending relief 
evacuation District Stasiatical 











































Access to safe drinking 
water 
(% of villages having no 
safe drinking water 
source) 
Outbreak of a water 
borne disease in the 
post flood situation 
epidemic District Stasiatical 
Handbook, W.B. 1998 
Number of flood  
Occurrence during  
1991 to 2000 
Risk of flooding fld-fqr Irrigation and Waterways 
Deptt.’s maps showing 
inundated area for each year. 
Population Density 
(Persons / hectare) 
Economic assets under 
flood threat 












































Availability of higher 
ground (highest 
elevation in each 
village) 
Availability of 
potential flood shelter 
shelter Terrain data derived from 
ASTER DEMs supplied by 
USGS. 
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Any all-embracing flood management strategy should protect the vulnerable population 
from intangible damages. In Gangetic West Bengal, the most severe intangible damage 
caused by floods is the outbreak of water borne diseases. These diseases, particularly 
diarrhoea, often assume the form of an epidemic in West Bengal after the floodwater 
recedes (Sur et al, 2000; Kunni et al, 2002). Access to safe drinking water has been 
considered as the key factor to prevent this post flood hazard. To quantify this aspect of 
intangible hazard we devised another variable named ‘epidemic’. This variable measures 
percentage of villages having no access to safe drinking water to the total number of 
villages in each of the development blocks. 
 
 
4.3.3 Weighting scheme and composite index  
 
It is recognized that the principle of assigning weight to the variables is very crucial in 
this entire process of hazard mapping. The weighting scheme in this study is essentially 
knowledge based. Disparity of observation within the series is considered as a guiding 
principle of assigning weight to the indicators. Indicators that represent a high level of 
dispersion across the development blocks have been given more weight and vice-versa. A 
variable depicting a uniform situation across the entire study area is not likely to highlight 
the hazardous zone from the non-hazard ones.  
        Any attempt to build a composite index based on an additive model must ensure that 
all the constituent variables are unit free. Standardization is recognized as the most 
appropriate process of making the variables unit free. The variables have been made unit 
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free by dividing each series by their corresponding means. This process has an edge over 
the standard z-score method  
[ σ/)( xx − x] as the z-score produces a standardized series with a standard deviation of 1, 
hence losing inherent variation of the data at the very outset (Kundu, 1992). This factor 
assumes even greater importance in the current study as its primary objective is to depict 
the heterogeneity of different environmental and socioeconomic factors contributing to 
flood hazard. 
       The variable ‘flood-prone’ has been attached high importance because where the risk 
of inundation is very low other variables do not contribute anything to the element of 
flood hazard. The variable ‘pop-den’ has not been assigned a high weight because some 
blocks situated near to Kolkata metropolitan fringe has exceptionally higher population 
density as compared to rest of the study area. A higher weight to ‘pop-den’ may place a 
block to high hazard zone only by virtue of its higher population density.  
        The weighting scheme has been implemented in three steps. First, all the 4 variables 
have been standardized and named as st_epdm, st_evcn, st_popden and st_fldprn. Then a 
knowledge based weighting scheme has been applied to first three variables. After that a 
scheme of progressive weighting has been adopted for the variable ‘flood-prone’. Our 
argument is that flood hazard for a particular block increases in a non-linear manner with 
the number of flood occurrences in the last 10 years. In other words, the hazard curve 
becomes progressively steeper at the higher values of ‘flood-prone’.  
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On the basis of this assumption the final weighting scheme has been developed as 
follows: 
 
Flood Hazard Index = [st_epdm ×1 + st_evcn × (-1.2) + st_popden ×1.4] + st_fldprn × k 
 
Where k is a weighting factor for the st_fldprn. Values of k are determined by the flood 








   
Table: 4.3 Differential weighting (k) of standardized ‘flood-prone’ according to varying 
flood occurrence frequency at regional scale. 
 
The weighting scheme for ‘st_fldprn’ is purely empirical. Different combinations of 
weights have been applied to the data to study the result and ultimately we arrived at 
these numbers. The guiding principle for selecting these weights is to ensure dominance 
of ‘st_fldprn’ in the composite index. It should be pointed out that the resultant composite 
index is not particularly sensitive to these precise weights and can be modified 
moderately depending on local conditions. Values of different variables are shown in 
detail in Appendix 1. 
Flood occurrence frequency 
(flood-prone) 
Value of k 









       After the final flood hazard index was devised it has been depicted in a choropleth 
map (Figure 4.3). Hazard values have been divided into 4 classes on the basis of quartiles 
measurements. High flood hazard zones of Bhagirathi and Jalangi Basin are represented 
by a cluster of blocks in the northern portion of Gangetic West Bengal. In the extreme 
south two blocks, Chanditala I and Chanditala-II, fall under the high hazard category by 
virtue of their proximity to Kolkata urban mass and consequent high population density.   
Regional Flood Hazard Map
Gangetic West Bengal





 Low        (-5.16 - .45)
Moderate (0.46 - 2.53)
High         (2.54 - 8.11)
Very High (8.12 - 15.37
 
 Figure 4.3 Regional flood hazard map of Gangetic West Bengal; legend showing 
composite regional flood hazard index. Inset: Location of the development blocks over 
the three river basins 
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4.4 Flood hazard mapping at sub-regional scale   
The regional study classifies Gangetic West Bengal into different flood hazard zones.  
This small-scale hazard map is not capable of revealing the hazard scenario in adequate 
detail. This paper argues that a detailed large-scale hazard mapping is suitable and cost-
effective when it deals with maximum risk zone. Taking a multi-scale approach would 
enable us to optimally use all the relevant data sources.  
The overall situation presented by Figure 4.3 highlights that majority of the development 
blocks in NE portion of the study area needs greater attention as far as flood management 
measures are concerned.  This fact justifies adoption of a cost intensive and time-
consuming approach of mapping flood at sub-regional scale. The blocks in Jalangi Basin 
that exhibits very high occurrence of past flood in last decade have been chosen for sub-
regional analysis.  
 
4.4.1 Flood occurrence frequency mapping  
 
The revenue village is the smallest administrative unit of West Bengal. It is also the 
smallest census data collection unit in India. Therefore, revenue villages under the 
development blocks in higher hazard categories have been chosen as the unit of inquiry 
for the sub-regional study. At the sub-regional level, the historical maps showing the 
annual flood affected areas, prepared by the Irrigation and Waterways Department of the 
West Bengal Government, are available.  
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       We used such maps obtained over the 10 years from 1991 to 2000 at various scales 
from 1:250,000 to 1:2,000,000. Flooded areas in each year have been converted into 
individual GIS layers. The number of flood occurrence for each village is calculated by 
intersecting each map with the village boundary layer (Figure 4.4).  It depicts that the 











OCCURRENCE OF FLOODING FROM 1991 TO 2000
Sub-regional Study, Part of Gangetic West Bengal
¯
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Figure 4.4 Map showing the number of occasions each revenue village has been subject 
to river flooding during the period of 1991 to 2000. 
Source of information: Inundation maps prepared by Irrigation and Waterways  
Department, Government of West Bengal, India 
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times out of the past 10 years. The villages located along the eastern bank of the river 
also experienced higher frequency of inundation.   
       Although Figure 4.4 exhibits more or less the actual disposition of the flood prone 
zone, which is more accurate than the archived data, its accuracy is also limited due to 
inconsistency of mapping scales they used. We had to use flood maps of various scale for 
carving out the actual flooded area for different years. Heterogeneity in the scale would 
affect the accuracy, but recurrent flood occurrence over the 10 years reveals a trend of 
inundation for particular villages. This time series approach is particularly helpful to 
arrive at a conclusion that is less likely to be influenced by error in reporting flood for a 
specific year.  
                         
4.4.2 Variables used for hazard mapping 
 
Having developed a flood frequency map at a larger scale, an effort has been made to 
take both physical and human variables for formulating a composite hazard index.  
Apart from the flood-proneness and population density, the third variable is completely 
different from regional scale level mapping (Table 4.2). The third indicator takes into 
account the aspect of flood emergency management. During inundation the affected 
population is required to be evacuated to a safe place for temporary shelter. Relatively 
higher ground, unlikely to be submerged by flood water, can serve as the temporary flood 
shelter.  
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       Availability of such ‘higher’ land in each revenue village has been calculated from 
the Digital Elevation Model (DEM) derived from the Advanced Spaceborne Thermal 
Emission and Reflection Radiometer (ASTER) images. ASTER DEM is an on-demand 
product of United States Geological Survey (USGS) can be obtained free of cost by 
placing orders in the USGS website. This product has a horizontal spatial resolution of 
30m with a relative vertical accuracy of more than 10m. This digital data is suitable to 
meet 1:50,000 to 1:250,000 map accuracy standard (United States Geological Survey, 
2003). If the maximum elevation of a village is below a critical threshold the population 
is assumed to have no access to a flood shelter during contingency. These villages have 
been considered as being under potential threat of flood and associated hazard.  
 
4.4.3 Ranking and composite hazard index 
 
We have ranked the villages for each of the 3 hazard indicators, rather than standardizing 
the variables for creating a composite flood hazard map as in the sub-regional scale. 
Values of the three variables for all villages have been shown in Appendix 2. Nature of 
the indicators, especially ‘shelter’, does not allow application of any statistical treatment 
to the original data set for creating composite flood hazard index. Hazard ranks are 
commonly integrated into a multiplicative model to create a composite hazard index 
(Islam et al 2000). A knowledge-based ranking procedure has been adopted to effectively 
use all hazard indicators in a composite framework (Table 4.4). 
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Table 4.4 Knowledge based flood hazard ranking of different indicators at a sub-regional 
(village –level) scale. 
 
Assigning hazard rank to ‘shelter’ requires a detailed and in-depth knowledge of the local 
topography. Identification of the active flood plain and the break of slope that separates it 
from adjacent higher ground are critical. Our main objective is to obtain a general 
identification the critical elevation above which flood water is not likely to submerge the 
ground. Villages having their highest points below this critical elevation threshold lack 
easy access to a potential flood shelter. To determine the break of slope or the critical 
elevation value a number of transverse profiles, as indicated in Figure 4.5, have been 
drawn from the ASTER DEM across Jalangi River (Figure 4.6). It shows that any place 
above 20 m elevation can be safely considered as a potential flood shelter. There is 
virtually no flood threat above 20 m elevation and flood threat increases in a non-linear 




























0 0 0 0.25 20 and above 1 
1 1 0.01 – 5.40 1 19-20 1.5 
2 1.2 5.41 – 7.84 1.5 18-19 2.5 
3 2 7.85 – 11.62 2.5 17-18 3 
4 4.5 11.63 – 80.29 4 16-17 3.5 
5 6 3091 6 15-16 4 
6 6   14.75-15 5 

























Figure 4.5 Transverse profiles drawn across River Jalangi to identify the elevation that 
can survive a major monsoon flood. ASTER Relative DEM supplied by USGS has been 











OCCURRENCE OF POTENTIAL FLOOD SHELTERS
















Figure 4.6 Revenue villages have been classified on the basis of their highest elevation to 
indicate presence of potential flood shelters in the sub-regional study area. Source of 
terrain data: ASTER Relative DEM. 
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The ranking scheme of ‘shelter’ can be found in Table 4.4. Hazard rank for ‘shelter’ 
followed this basic proposition. Revenue villages having their highest elevation below 16 
m have been assigned very high hazard rank because even during moderate flood event 
these villages don’t have higher ground to take refuge.    
Final flood risk index for the sub-regional scale is devised as 
 
Flood Risk = (R_fld-fqr × R_pop × R_shelter)  
 
The hazard index has been classified into 4 categories by natural break scheme to present 
a rational picture of the hazard scenario (Figure 4. 7). In this classification scheme 
identifies break points by identifying inherent clustering pattern of the data. Class 
boundaries are set where there are relatively big jump in the data values (Minami, 2000).   
Flood hazard zones in the village level map broadly follow the combined pattern of 
Figure 4.4 and 4.6. The northwestern portion of the area is comparatively less flood 
prone. The probable reason could be the higher western bank of the River Jalangi and the 
existence of natural levees. In the western part of the study area some villages have been 
subjected to river flooding for as many as 5 or 6 times in the period from 1991-2000, but 
not all of these villages are classified under very high hazard category in Figure 4. 7. The 
presence of higher ground for taking shelter during flood has relegated some of these 
villages into moderate or low risk categories. Low population density in some of the 
villages also has a partial effect on the overall hazard zone creation. Although some of 
these villages did not experience a large number of flood occurrences in the past one 
decade they have been categorized into high or very high risk zones in Figure 4.7. Since 
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the population in these villages does not have access to potential flood shelter, a flood of 
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 Figure 4.7 Flood hazard map prepared by village-level sub-regional scale study; legend 
showing sub-regional composite flood hazard index  
Inset: Location of the sub-regional study area within Gangetic West Bengal 






Regional flood hazard maps of moderate resolution can only be used as a guide to select 
the priority areas for generating more cost intensive and time-consuming village level 
hazard mapping. The methodology may prove to be suitable for the developing countries 
which have very limited existing spatial databases regarding flood and the associated 
hazards.  
The village level flood hazard map has been primarily geared towards helping the 
planners to formulate better flood plain management strategies. Construction of higher 
concrete structures such as flood shelters is an important component of flood mitigation 
in this region. Figure 4.7 and especially Figure 4.6 would help the planners to identify the 
priority zones for undertaking such measures.  
        Variation in the size of administrative units will alter accuracy of the result this 
model produce. At the regional level study selection of a very small administrative unit 
may increase the cost of mapping, hence deviate from the rationale of the proposed 
methodology. On the other hand, at the sub-regional level, it is advisable to select smaller 
units as the result would be suitable for micro level planning. Such a map will be very 
useful for local authorities to embark on flood management. Any country or region which 
does have hierarchy of administrative regions similar to the study area of this paper may 
not find this methodology suitable for identifying flood hazard. 
        The selection of the hazard variables in this paper stresses the flood frequency and 
the population density at both regional and sub-regional scales. Other variables are 
 76
various, including the transportation network and the availability of drinking water at the 
regional scale, and the availability of the elevated areas (or so-called shelters) at the sub-
regional scale. There is no doubt that this selection is open to discuss, and more variables 
can be integrated according to the local situation and data availability. 
The weighting schemes are essentially knowledge based and may take different shapes 
under varied circumstances. Hydrological regime and land use characteristics of an area 
in likely to guide the weighting scheme. It is always open to modification and further 
improvement al long as the guiding principles are not altered much. The calculations of 
the flood hazard composite index can also be improved by incorporating additional 




This study shows a simple yet cost effective way to utilize GIS for creating flood hazard 
map from the available datasets. Since no satellite data is required to purchase for 
creating such a map cost of production remains very low. The more common approach is 
to use a satellite image, acquired during a flood, as the key information for flood 
vulnerability of an area. This study, by using time series data puts more emphasis on the 
general trend of the phenomena rather than depending on a particular incident. Synthesis 
of socioeconomic information with hydrological data would help the planners to 
effectively identify the area that deserves maximum attention. These hazard maps would 
facilitate flood plain zoning and other remedial land use planning measures. Mapping at 
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different scale creates an opportunity utilize wide range of relevant data that are collected 
for different administrative units.  Free availability of ASTER DEM products also made 
the task easier. This product has immense potential in the application of flood mapping in 
data poor developing countries.  
 
This work does not intend to formulate a flood management strategy in Gangetic West 
Bengal. Its aim is to arm the flood plain managers with an essential tool for planning. It is 
acknowledged that accuracy of the key information, past records of flooding, depends 
upon the scale of the maps but given the constraints of spatial data the methodology may 
be attractive for planning authorities in the developing countries. This investigation is 
primarily based on time series analysis of past flood experience. In the absence of such a 
dataset, as maintained by West Bengal Irrigation and Waterways Department, this 
methodology may prove futile. Alternative to this approach we can study a very high 
magnitude flood for assessing flood hazard. Enormity of damages inflicted by such an 
event can serve as a yardstick of flood hazard that particular area. Remote sensing 
technology along with GIS can be particularly useful for executing this task. The next 
chapter will illustrate how remotely sensed data can be utilized to study a high magnitude 













Chapter 5: REMOTE SENSING AND GIS BASED 









The previous chapter portrays that simple archived information regarding past flood 
experience can be blended with infrastructure related data to prepare a powerful flood 
management tool. It has been advocated that an administrative unit based study would 
facilitate the process of resource allocation and project implementation. However, this 
approach cannot care for every hamlet. Administrative unit based flood hazard mapping 
cannot go beyond the minimum size of the administrative units. It is an effective tool in 
policy planning and disbursement of development funds but for micro level physical 
planning one must consider the actual ground situation. Undoubtedly, high-resolution 
satellite imagery is the most useful means to appraise flood and the associated hazard. As 
mentioned in Chapter 1, remote sensing technology can provide us a synoptic view of the 
on the ground hazard situation and greatly facilitate the process of mitigation for future 
disaster.        
        The focus of this paper is on individual settlements. Its purpose is to analyze how 
location of an individual settlement vis-à-vis the flood prone zone and their socio-
economic characteristics make them vulnerable to monsoon floods. The theoretical 
framework of this study is based upon the hypothesis that settlements are vulnerable to 
floods via three aspects; 1) whether people have access to relatively higher ground to take 
shelter, 2) whether a settlement falls in a zone that is expected to experience high flood 
discharge causing extraordinary damage of life and property, 3) whether the population 
density of the area is high enough to cause large loss of property even in moderate floods. 
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         An example used for this study is Gangetic West Bengal which is flood prone and 
its fluvial characteristic has made it very suitable for rice cultivation. Population density 
in this region is one of the highest in the world. Although human settlement is abundant, 
traditionally the local people settled only on relatively higher ground, locally known as 
danga. Fast increasing population density, due to both natural growth and the influx of 
millions of refugees in the post-independence era from then East Pakistan, left very little 
choice for the people to selectively settle on higher ground. Severe shortage of land 
forced people to settle indiscriminately over the highly flood prone zone.  
        Multi-spectral bands of Landsat ETM+ and ERS synthetic aperture radar (SAR) 
imageries are used in this study to classify non-flooded areas and flood depth within 
flooded zones, and to delineate human settlements at village level. The high spatial 
resolution of satellite imageries enables us to obtain detailed classification results that are 
suitable for formulating planning measures in a small scale. An added advantage is that 
the high resolution hydrologic information can be conveniently integrated with 
demographic data collected from smaller administrative units. This would greatly 
enhance the capability of the spatial database to estimate vulnerability of individual 
settlements to an extreme flood event. 
 
5.2 Focus Area 
The study area extends over three major river basins of southern West Bengal, namely 
Bhagirathi-Hoogly, Jalangi and Churni. All these three rivers are distributaries of the 
main branch of Ganga River. Although we have tried to cover the natural region of the 
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three river basins, the extent of investigation is marginally compromised due to limited 
availability of digital terrain data. The eastern part of the districts of Bardhaman, 
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5.3 Data and Methods 
 
Work flow of the current investigation has four components: 1) delineating extent of non-
flooded surface in and around the major flood zone; 2) extracting high flood depth zone 
from the flooded areas; 3) demarcating the human settlements of the area and 4) 
importing the above three layers into a vector GIS environment and performing spatial 
analysis to obtain relevant results. 
        Data source for the first three components are satellite imageries. Semi-automatic 
digital image processing techniques and manual digitization have been employed to 
extract the relevant information from remotely sensed data. The fourth component 
involves incorporation of demographic parameters with the information extracted from 
satellite imageries to effectively identify the settlements that are highly vulnerable to 
flood hazard. In this section, each component of the total workflow has been dealt 
separately. Special attention has been given to illustrate how each of these components 
contributes to the ultimate objective of this study. 
 
5.3.1 Delineating non-flooded area from the flooded area 
 
The current study is concerned more with dry/land area than flooded area. Delineation of 
the non-flooded area is particularly important because these areas can serve as a 
temporary shelter for the nearby settlements. This information is necessary for identifying 
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the settlements that are highly vulnerable to flood. Settlements having no immediate 
access to dry area would be considered highly vulnerable to flood.  
 
From the early era of passive remote sensing special attention has been given to 
distinguish water from dry surface. MSS band 7 (0.8-1.1µm) has been found to be 
particularly suitable for distinguishing water or moist soil from dry surface due to its 
strong absorption of water in the near infrared range of the spectrum (Smith, 1997). MSS 
data were used to deal with the flood affected areas in Iowa (Rango et al., 1974a), 
Arizona (Morrison et a.l, 1973), and Mississippi River basin (Deutsch et al., 1973; 
Deutsch et al., 1974; Rango et al., 1974b; McGinnis et al., 1975).  
         From the early 1980s, Landsat TM data with an improved spatial resolution of 30m 
have become one of the major sources of remotely sensed data for flood management 
research. Landsat TM band 4 is spectrally a near equivalent of MSS band 7. Water yields 
very low reflectance in the NIR (near infrared) region of the spectrum and therefore can 
be effectively used to discriminate water from land surface. This property of Landsat 
band 4 has been extensively used to delineate flooded area in West Africa (Berg et al., 
1983), India (Bhavsar, 1983) and Thailand (Raungsiri et al., 1984). 
          For the current research, 2 Landsat ETM+ scenes of the study area acquired on 30th 
September, 2000, have been obtained. The imageries were acquired at the peak of the 
flood. The scenes were geometrically and radiometrically corrected (Level 1G product 
from USGS). The two scenes have been accurately georeferenced using GPS control 
points collected during a field visit to the study area. All bands of the two scenes have 
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been mosaiced. TM band 4, 3 and 2 have been projected in RGB to generate a standard 
false colour composition (FCC) of the study area. Although TM band 4 is useful in 
delineating land and water boundaries, asphalt surface of road, rooftops also yield very 
low reflectance in this band. Reflectance from water varies sufficiently from roads and 
dark rooftops in Landsat band 7 (2.28-2.35 µm, mid-infrared). Therefore, water and non-
water can be effectively discriminated by adding TM band 4 and band 7 (Wang et al., 
2002).  
           After adding TM band 4 and 7, effort has been made to mask out the cloud 
contaminated pixels as their existence can interfere with any classification effort. There 
are a number of algorithms for screening clouds in optical imageries (England and Hunt, 
1985; Saunders, 1986). Cloud appears very bright in standard FCC image. After a 
detailed comparison of Band (4+7) image with the FCC, it has been empirically found 
that any pixel having DN of over 124 in band (4+7) are clouds. The pixels with a digital 
number (DN) range of >124 have been masked. It has been observed that it is very easy 
to extract cloud covered pixels over a dark background [e.g. flooded area in band (4+7)], 
but over a bright background like settlements or healthy vegetation, pixels at the 
periphery of a cloud cluster have very similar reflectance with its background. Therefore, 
the above mentioned threshold is not able to remove small numbers of cloud covered 
pixels over bright and dry surface. Since this study focuses on flooded area, existence of 
small number of cloud contaminated pixels in the predominantly dry area is not of great 
concern. 
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          Band (4+7) is quite efficient is discriminating floodwater from dry land. Major 
boundaries of floodwater can be delineated without much effort. However, there are still 
a few ‘water pixels’, which are not classified as flooded within the rural settlements 







Figure 5.2 Landsat ETM+ false colour composite (zoomed 8 times from optimum 
resolution) showing flooded area within a settlement. 
 
These pixels can be readily identified in standard FCC. Reflectance of these pixels is very 
close to the nearby wet soil surface. During floods, albedo from water body increases 
significantly because of high concentration of debris and silt in the water. Thus, the 
reflectance peak moves toward the red band. On the other hand, increasing soil moisture 
decreases soil albedo, making reflectance from some non-flooded pixels very similar to 
flood (Sheng et al., 1998). With a minute comparison of band (4+7) with the FCC, a 
binary classification has been done as follows for band (4+7): 
 
 
Flood affected area within 
a rural settlement (water 
pixel) 
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Pixel value > 78 = dry land 
                        Pixel value ≤ 78 = water 
 
This classification effectively extracts water pixels within the settlement area but main 
disadvantage of this classification is that it cannot distinguish between dry surface and 
water under cloud shadow.  
 
Areas under cloud shadow receive only scattered sunlight, but the low illumination 
results in a suppressed reflectance from all land cover categories. Therefore it is very 
difficult to discriminate between land and water for the areas under cloud shadow (Sheng 
et al., 1998). Water has a significantly low reflectance in NIR region of the 
electromagnetic spectrum as compared to dry land surface. Due to low reflectance of 
non-flooded area under cloud shadow, the above-mentioned threshold spuriously 






Figure 5.3 False colour composite showing flooded and non-flooded area under cloud 
shadow. 
Land under cloud shadow 
Water under cloud shadow 
 
Masked out cloud 
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As a consequence the classified image appears as an underestimation of non-flooded area 
and overestimation of water. Actually the difference in the reflectance between flooded 
and non-flooded region becomes so low that it is not possible to separate them by means 
of a threshold value. Land surface reflects higher energy in red band (Landsat band 3) as 
compared to water. On the other hand, reflectance from water is significantly lower on 
NIR band as compared to land. Therefore, the ratio of NIR and red (band 4/band 3) band 
increases the difference in the reflectance of flooded and non-flooded pixels. This 
difference in the ratio image would be sufficient enough to distinguish water from land 
under cloud shadow. After comparing with the FCC it has been found that although the 
ratio image is effective in differentiating water and land under cloud shadow it is not as 
sensitive as band (4+7) to water surface. The problem arises from situations where the 
‘water’ pixels mixed with non-flooded pixels have a higher value as compared to the 
open water pixels in the ratio image. Sometimes values of such pixels overlap with the 
non-flooded pixels surrounded by water under cloud shadow.  Hence, the ratio image is 
not able to identify the cluster of ‘water’ pixels surrounded by land. 
         In this paper, an attempt has been made to synthesize the advantages of band (4+7) 
and the ratio image for extracting the non-flooded area from the flood scene. After 
thorough observation of the DN of the ratio image and Landsat FCC, it has been 
empirically decided that pixel values ranging from 0.52 to 1 in the ratio image represents 
non-flooded area under cloud shadow. Pixels that fall within the specified range in the 
ratio image have been selected and merged with non-flooded pixels derived from band 
(4+7). It should be pointed out that these two regions derived from different manipulation 
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of Landsat bands have not been found mutually exclusive in their spatial coverage. 
Overlapped areas are dissolved to create one classified layer depicting the non-flooded 
area. In the synthetic image the advantages of band (4+7) and band (4/3) have been 
incorporated to accurately extract the non-flooded area in flood scene.  
         There is no doubt that the above classification scheme enhances the accuracy. 
However, it still suffers from limitations. Roof of submerged houses appear as dry 
surface and in areas of compact settlement, this error becomes significant. Tree canopy 
also creates confusion in delineating boundary of water and land. Flooded areas under 
canopy appear as non-flooded. Although forest constitutes an insignificant land cover 
category in Gangetic West Bengal, rural settlements are often surrounded by trees. This 
factor constitutes a major source of error in the classification scheme. 
         To assess accuracy of the classified image, pixels classified as ‘non-flooded’ have 
been superimposed over a Digital Elevation Model (DEM) derived from the Advanced 
Space-borne Thermal Emission and Reflection Radiometer (ASTER) imageries of the 
study area. ASTER DEM has a spatial resolution of 30m with a relative vertical accuracy 
of more than 10m. This digital data is suitable to meet 1:50,000 to 1:250,000 map 
accuracy standards (USGS, 2003). Elevation distribution of the non-flooded pixels is 
shown in Figure 5.4. 
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Figure 5.4 Elevation distribution of the non-flooded area extracted from ASTER DEM 
 
The graph shows a sudden upward trend approximately at an elevation of 8 to 9 m. Rest 
of the non-flooded area having elevation ranging from 10 to 35 m. It is assumed that non-
flooded pixels having an elevation of below 8 m are most probably tree canopy or other 
confusing land cover in the flooded area that has been incorrectly classified as ‘non-
flooded’. To rectify this error and reduce overestimation of dry area, all ‘non-flooded’ 
pixels having an elevation of less than 8 m have been eliminated.  
          After the ‘non-flooded’ pixels have been imported into ArcGIS, it was realised that 
any ‘non-flooded’ surface occupying less than 9 Landsat TM pixels is potentially a tree 
canopy, or part of some road surface that was not submerged by flood water. 9 pixels 
8 m 
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have been chosen as a threshold because it presents a block of 90m × 90m. Thus, any 
apparently dry land surface which is less than a 3 × 3 block is not likely to be a suitable 
place for flood shelter. Anything smaller than 3 pixels may also contain some inundated 
area in the sub-pixel level and therefore, cannot be relied upon as a potential shelter.  
Even if some of these isolated pixels represent actual non-flooded surfaces, considering 
the population density of rural West Bengal, they are too small to provide any effective 
shelter to the adjacent population.  Therefore, patches with less than 9 pixels have been 
eliminated from the non-flooded layer. Table 5.1 summarises the extent of area 






Table 5.1: Correction of non-flooded area under different level of processing 
 
Anything other than the non-flooded area depicts the actual water area. This classified 
‘water’ layer includes permanent water bodies of the area. For calculating actual flood 
affected area, permanent water bodies must be eliminated from the ‘water’ layer (Yang et 
al., 1999). Two Landsat ETM+ scenes of 16th April, 2003, depicting normal hydrological 
conditions, have been used to extract the permanent water bodies. These pixels were  
subtracted from the ‘water’ layer to obtain the actual flooded area. The classified image is 
shown in Figure 5.5. 




Digital image processing 
of Landsat flood scene 
3512.98 - 
After eliminating area 
under  8 m 
3324.98 7.41 
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5.3.2 Delineating high flood depth zone 
 
Flood depth is considered as the most important indicator of flood hazard (Wadge et al., 
1993; Townsend et al., 1998; Islam and Sado, 2002). Higher depth flood is associated 
with high discharge that is a determining factor of flood-induced destruction of life and 
property. Flood depth determination from remotely sensed imagery is very difficult but 
an indirect way exists to classify a flooded area into different flood depth zones. The 
quantum of radiant energy reflected by water in the visible light portion of the 
electromagnetic spectrum is essentially determined by the colour of water and its 
turbidity. Except blue band, all optical bands have very high correlation with the turbidity 
and sediment concentration of the water. Deeper water has more turbidity than the 
shallower waters because of its high velocity (Islam and Sado, 2000b).  
         Interband correlation is a major impediment of analysing multispectral data. 
Principal component transformation is performed to overcome this problem. This image 
processing technique makes the bands less correlated and reduces dimensionality of the 
original dataset (Lillesand and Kiefer, 2000). To enhance contrast and facilitate 
classification, a principal component (PC) transformation has been applied over band 2, 
3, 4, 5 and 7 of the Landsat ETM+ data acquired during the flood. The first 3 components 
explaining about 99.65 percent of the total variation have been selected for further 
analysis. The other components were excluded from further analysis as their noise to 
signal ratio is expected to be very high. Kunte and Wagle (2003) attempted to classify 
depth of water in the Gulf of Kutch and reported that PC2 band is particularly sensitive to 
the concentration of suspended sediments and therefore can be effectively used for broad 
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classification of water depth. For enhancing the amount of information, different 
combinations of the 3 PC bands into RGB have been tried to create FCC and it has been 
found that PC2 PC1 and PC3 (RGB) generate the best FCC. Figure 5.6 exhibits 
turbidity/sediment concentration in the flooded zone.  
 
 
Figure 5.6 Different flood depth/turbidity zones identified over a FCC (PC-2 PC-1 PC-3 
as R G B) 
 
Figure 5.6 clearly represents at least two turbidity zones in the shades of yellow and 
violet. General trend of tonal variation reveals that highly turbid water exists at the core 
of the flooded zone and sediment concentration of water gradually decreases towards the 
boundary of water and land. Highly turbid/deep water appears in yellow and shallow 
water with less turbidity is presumed to appear in violet tint. All major rivers of the 










Deep flood water 
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region, namely, Bhagirathi, and Jalangi, fall in the yellow zone which further confirms 
our visual interpretation of flood depth. 
 
It is interesting to note that along Bhagirathi River, the majority of the flooded area falls 
in the high depth zone and there is little existence of shallow depth zone along the margin 
of the flooded area. This phenomenon is attributed to the presence of extensive 
embankments along the river. Landuse is very intensive in the immediate flood plain of 
River Bhagirathi. To protect the land, the West Bengal government has built hundreds of 
kilometres of embankment along its bank. These embankments along with other minor 
flood control measures put an abrupt stop to advancing flood water during the flood of 
September-October, 2000. The low-lying active flood plain, located between the 
embankment and river, records very high water discharge during floods and consequently 
the area suffers from high water depth. Due to the existence of the embankments, there 
was hardly any zone of transition from deep to shallow flood water along the bank. 
Bhagirathi represents the most dominant distributary of Ganga River that flows through 
the Indian state of West Bengal. Discharge and carrying capacity of this river is much 
higher than the other smaller rivers in this region. Due to higher velocity and discharge, 
sediment concentration and consequent turbidity in Bhagirathi River is much higher than 
the other smaller rivers like Jalangi. This factor also contributes to deep inundation along 
the Bhagirathi river bank. 
        After comparing PC2 band with the FCC, a threshold value has been empirically 
selected to extract highly turbid/deep water from the PC2 band. Although river flooding 
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is not only a function of terrain configuration, topography of the flood plain does play an 
important role in the course of an advancing flood. Therefore, ASTER DEM has been 
used to verify the accuracy of the high flood depth zone. Elevation distribution of the 




Figure 5.7 Elevation distribution of the area affected by high flood depth. In this graph 
the horizontal axis starts in the negative elevation because elevation values for ASTER 
Relative DEMs are calculated from an arbitrary datum. In addition due to its limitation of 
vertical accuracy some areas having absolute elevation very close to mean sea level can 
record marginally negative values. 
 
This histogram ratifies that classification of high flood depth is on an average accurate 
and realistic. The area having an elevation of more than 16 m was not likely to 
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experience high flood depth. The fact that the histogram drops sharply after an elevation 
of more than 16 m attest to the high accuracy of the classified high flood depth zone. 
5.3.3 Delineating human settlements 
 
As mentioned in the introduction, the main focus of this study revolves around 
identifying the flood vulnerable settlements. Human settlement is the main input layer of 
the present study and all other layers of information are used to estimate its vulnerability 
to floods. Land use maps of 1:250,000 have been used as the basic source of information 
for delineating human settlements of this area. These maps were published in 1991 and 
therefore considered relatively outdated. Satellite images have been used to update these 
maps. Application of remotely sensed data for identifying human settlements is not new. 
Radar images are more widely used than optical data because settlement is particularly 
accentuated in radar imageries due to its induced geometric shapes and the associated 
dielectric constants. These parameters of SAR data are different from optical sensors 
(Henderson et al, 1997). Studies in Germany (Henderson, 1995), China (Lo, 1986), and 
the Ganges Plain (Imhoff, 1987) reported that settlements having a population of more 
than 1000 are generally recognizable from SAR imageries.  
         The difficulty associated with identifying human settlement from radar data is that 
most SAR sensors obtain data at a single wavelength with fixed polarization. The best 
band combination for any classification should have at least one band from all available 
wavelengths of electromagnetic spectrum (Haack et al, 2000). Haack and Slonecker 
(1994) reported that neither Landsat TM nor SAR data can independently locate villages 
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in Sudan. For the present study, Landsat ETM+ data of 13 April, 2003 and ERS-1 SAR 
data of 9th October, 1995, have been used to visually interpret land cover of the study 
area, for updating the settlement layer previously digitized from the land use map. 
         The Landsat ETM+ data have been obtained as geometrically corrected (Level -1G) 
from USGS. It has been further registered to the 1:250, 000 land use maps. The radar data 
have been obtained as a precision image (PRI). ERS SAR PRI products are projected to 
ground range and resampled in 12.5 m pixel size. The PRI imageries have been 
coregistered with the land use map with a RMSE of 1.06 pixels. After georeferencing the 
SAR imageries have been mosaiced. A low pass filter of 5×5 pixel window has been 
applied to it to reduce speckle and improve visual interpretability in identifying 
settlements. After stacking TM bands 4, 3 and 2 in RGB, a coloured image was generated 
by fusing it with the processed radar image. HSV sharpening tools has been used to 
perform this operation. This function transforms an RGB image to HSV colour space, 
replace value band with the high resolution radar image and automatically resample the 
hue and saturation bands to the high resolution pixel size (12.5 m) of SAR PRI using the 
nearest neighbour method. Finally it transforms the image back to RGB colour space. 
The output was a coloured image of 12.5 m spatial resolution. It is necessary to point out 
that a coregistration RMSE of more than 1 pixel is acceptable for SAR scenes because 







Figure 5.8 Landsat ETM+ band 4 3 2 merged with ERS SAR image to visually identify 
the rural settlements in Gangetic West Bengal. 
 
Figure 5.8 represents part of the study area. The small rural settlements are easily 
distinguishable by their bright appearance over a reddish background of vast cropland. 
The vectorized settlement layer, already extracted from the land use maps,have been 
superimposed on this image to manually update the boundaries of settlements. Automated 
classification methods have not been considered as a majority of studies reported low 
accuracy for smaller settlements (Dowman and Morris, 1982; Lo, 1984; Liu et al., 1986). 
It has also been found that that the reflectance of fallow land and bare soil are quite 
similar to the rural settlements in the TM bands. Such substantial error in classifying the 
human settlements would jeopardize the whole gamut of results. This factor induces us to 




5.3.4 Processing different data layers in a GIS environment  
 
In order to reach the objective of obtaining a flood vulnerability of settlements, it is 
necessary to make the other information layers compatible with the settlement layer to 
allow for the spatial and non-spatial analysis of their vulnerability to river inundation. 
Apart from the hydrological information extracted from the Landsat ETM+ flood scenes, 
some socio-economic data, like population density, have also been incorporated in the 
current framework to facilitate vulnerability analysis of the settlements. Considering the 
scale of this investigation, Development Blocks have been selected as the appropriate 
administrative unit for reporting population density. Boundary of the Development 
Blocks over the study area is shown in Figure 5.1.  
            Administrative boundaries of the Development Blocks have been digitized from a 
1: 500,000 map. Demographic data, collected from the 2001 Indian Census, have been 
integrated in the attribute table of the Development Blocks. It has been observed over the 
study area that human settlements, especially rural hamlets, develop across administrative 
boundaries of the Development Blocks. Frequency of flood occurrence in each Block for 
last one decade (1991 to 2000), has been considered to identify the area that has been 
chronically suffering from flooding (Sanyal and Lu, 2004). This information has been 
obtained from the Annual Flood Reports of Irrigation and Waterways Department, 
Government of West Bengal, India.  
         Boundary of individual settlements, extracted from land use maps and satellite 
imageries, very often intersect with boundaries of the Development Blocks. To facilitate 
spatial analysis the shapefile containing settlements has been ‘clipped’ by the 
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administrative boundaries of the Development Blocks. In the output, individual 
settlement has been subdivided where an administrative boundary cuts across them. This 
overlay operation proved very useful in subsequent analysis, as in the output layer each 
settlement contains certain information about the development block it is located in. 
These information includes name, population density and frequency of flood occurrence 
over the last decade. It should be noted that the above mentioned attributes are assumed 
to be constant for all individual settlements falling within one development block. 
 
5.4 Result and Discussion 
 
The main purpose of this investigation is to analyze the interaction between different 
flood hazard indicators that contribute to vulnerability of human settlements in the study 
area. The previous section illustrates a systematic approach of extracting the spatial 
extent of these hazard factors. A GIS environment is used to evaluate the interaction of 
these factors in a spatial dimension and locate the settlements that should be given 
priority in implementing remedial measures.  We found that an overwhelming majority of 
the settlements contain some pixels classified as non-flooded. The reason behind this 
phenomenon is that the local people traditionally build their houses over relatively higher 
ground, leaving the flood prone lowlands for paddy cultivation. This settlement pattern 
evolved as an outcome of local inhabitants’ adaptation to living in a flood prone area. In 
Gangetic West Bengal, due to the vast expanse of cropland, trees are only found in and 
around rural settlements and along roads. Misclassification of some tree canopy as non-
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flooded pixel also contributes to overestimation of non-flooded area. It has been decided 
that any individual settlement having very little intersection with the non-flooded pixels 
should be practically considered as highly vulnerable to flood.  
For computational ease we have calculated the hazard indicator as 
                  
 HI1 = (A/B) ×100…….. (1)  
Where A is the area of intersection between non-flooded pixel and individual settlements 
and B is the total area of individual settlement.  
The intersection function in ArcGIS is used to calculate the common area between the 
settlement and non-flooded layer. Part of the attribute table of the output shape file is 






























Table 5.2 Part of the attribute table illustrating how the intersection of non-flooded layer 
with individual settlements is distributed in different polygons. Note that 13 polygons 
represent the area of intersection between Settlement 23 and the non-flooded layer 
 
This table shows that very often each settlement polygon intersects with more than one 
polygon representing non-flooded areas. Therefore, the area of intersection is distributed 
in more than one row which makes it difficult to calculate HI1. It is noted in Table 4.2, 
Settlement ID 23 is distributed in 13 rows. It means that the settlement with polygon ID 
Settlement 
polygon ID 
  Area of 
Intersection (m2) 
Block name District Settlement ID 
56796 21191.9 Balagar Hugly 13 
56791 35132.4 Balagar Hugly 13 
56720 1100000000.0 Balagar Hugly 20 
56720 1100000000.0 Pandua Hugly 22 
56720 1100000000.0 Pandua Hugly 22 
56793 27830.0 Chakdaha Nadia 23 
56789 25025.9 Chakdaha Nadia 23 
56791 35132.4 Chakdaha Nadia 23 
56782 9343.0 Chakdaha Nadia 23 
56780 29386.0 Chakdaha Nadia 23 
56788 84385.4 Chakdaha Nadia 23 
56778 10258.0 Chakdaha Nadia 23 
56781 46821.7 Chakdaha Nadia 23 
56769 9920.9 Chakdaha Nadia 23 
56758 81549.4 Chakdaha Nadia 23 
56738 37867.3 Chakdaha Nadia 23 
56707 10245.9 Chakdaha Nadia 23 
56762 310000.0 Chakdaha Nadia 23 
56720 1100000000.0 Pandua Hugly 24 
56525 49332.4 Pandua Hugly 26 
56525 49332.4 Pandua Hugly 26 
56720 1100000000.0 Pandua Hugly 26 
56720 1100000000.0 Pandua Hugly 28 
56720 1100000000.0 Pandua Hugly 28 
56720 1100000000.0 Pandua Hugly 28 
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23 intersected with 13 polygons representing non-flooded areas. The attribute table of the 
output shape file has been summarized by dissolving the polygons on the basis of their 








Table 5.3 Area of intersection between settlement layers and non-flooded area is 
summarized on the basis of individual settlements. 
 
After calculating HI1 it has been found that out of 921 settlement polygons in the study 
area 390 settlements have less than 50% of their area classified as non-flooded. In other 
words, more than 50% of the area of these settlements were affected by inundation. For 
more than 75% inundation, the number is still high at 206 (22.36 %). 124 settlements 








Balagar Hugly 13 45790.00 
Balagar Hugly 20 8136.84 
Chakdaha Nadia 21 0.00 
Pandua Hugly 22 580052.79 
Chakdaha Nadia 23 685687.78 
Pandua Hugly 24 1200000.00 
Chakdaha Nadia 25 0.00 
Pandua Hugly 26 160071.56 
Balagar Hugly 27 0.00 
Pandua Hugly 28 126631.52 
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Figure 5.9 Location of the settlement that does not have access higher ground as shelter 






These settlements are located in high flood hazard zone and therefore extremely 
vulnerable to inundation. In addition, a buffer operation reveals that 13 of these 124 
settlements have no non-flooded area within a buffer zone of 500 m. Thus these 
settlements have no immediate access to a potential flood shelter. Out of these 13 
settlements 5 are located in Ranaghat-II block, 4 are in Ranaghat-I block, 2 in Balagar, 1 
in Chakdah and 1 Chapra block (For block names see Figure 5.1). 
 
Location of a particular settlement with respect to the high flood depth zone forms the 
basis for computing the second flood hazard indicator. Any settlement having the 
majority of its area under deep flood water has been considered as vulnerable. The hazard 
indicator has been calculated as 
 
 HI2 = (C/D) × 100……. (2) 
 
Where C is the area of intersection between high flood depth and individual settlements 
and D is the total area of individual settlement. 
 
The vector layer of the high depth zone, extracted from Landsat imageries, has been 
overlaid with the settlement layer and intersection between the two layers was calculated 
using ArcGIS. Attribute tables are compiled in a similar way as HI1. It is evident from 
previous discussion that high HI2 values for any settlement indicates its vulnerability to 
flood induced disaster. More than 50% of the areas of 19 settlements were affected by 
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high flood depth. Ten out of these 19 settlements are situated in Nadia District and 9 in 
Bardhaman District of West Bengal. 
 
Vulnerability analysis for each settlement can be done more meaningfully by 
synthesizing HI1 and HI2 with population density. It was mentioned before that each 
settlement polygon already contains information regarding average population density. 
An SQL query has been built to identify the settlements that have a high population 
density and are vulnerable with respect to both hazard factors.  
 
A total of 18 settlements meet the criteria where HI1 < 25, HI2 > 50 and Pop_density > 
750. They have been classified as extremely vulnerable. Distribution of these settlements 
in different development blocks has been shown in Table 5.4.  
Name of 
Development Blocks 




Chapra Nadia 3 2 
Kalna-I Bardhaman 2 3 
Krishnanagar Nadia 3 1 
Nabadwip Nadia 3 2 
Purbasthali-I Bardhaman 4 3 
Purbasthali-II Bardhaman 3 2 
Ranaghat-II Nadia 2 1 
Shantipur Nadia 2 4 
 
Table 5.4 Development block wise distribution of extremely flood vulnerable settlements. 
 
Table 5.5 represents location coordinate of the centroid of the polygons. The coordinates 
would help local planners and administrators to easily locate the highly vulnerable 
settlements over the administrative boundary of revenue villages. During any high 
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magnitude floods, the local administration should place high priority to provide relief to 




























Table 5.5 Precise locations of centroid of the settlements that are highly vulnerable to 
flood. 
 
Table 5.5 shows that these settlements are not only vulnerable to extreme flood events 
like in 2000, but most of them are also located in very frequently flooded development 
blocks because of fast increasing population density and hence rapid expansion of 
settlements to the highly flood prone zone.  
Settlement ID Block Name Latitude Longitude 
1 Kalna-I 23.296 88.361 
2 Kalna-I 23.317 88.291 
3 Purbasthali-I 23.336 88.348 
4 Purbasthali-I 23.356 88.293 
5 Kalna-I 23.354 88.290 
6 Purbasthali-I 23.356 88.284 
7 Purbasthali-II 23.500 88.340 
8 Purbasthali-II 23.509 88.283 
9 Santipur 23.218 88.412 
10 Santipur 23.296 88.364 
11 Ranaghat-II 23.292 88.650 
12 Santipur 23.310 88.369 
13 Nabadwip 23.329 88.380 
14 Santipur 23.332 88.349 
15 Nabadwip 23.335 88.349 
16 Krishnanagar-I 23.456 88.545 
17 Chapra 23.501 88.615 
18 Chapra 23.530 88.606 
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         To verify rural settlement increase, an old 1:63360 map of Nakashipara 
Development Block, produced between 1917 to 1921 is digitised. Undoubtedly, the map 
depicts pre-Independence settlement pattern in the region. A query was built in the 
current settlement layer to identify the polygons in Nakashipara development block that 
have more than 50% of their area under flood water. A total of 33 polygons from the 
current settlement layer met this criterion. Results show that 17 out of these 33 
settlements have no area of intersection with the settlements present during 1921. Hence 
it can be concluded that the majority of vulnerable settlements are of new origin and that 





This study demonstrated a cost effective and efficient way to create a moderate resolution 
spatial database for identifying human settlements that are highly vulnerable to monsoon 
flooding. Results of this study are as yet not conclusive. It is an effort to build the 
architecture of a flood hazard database that can be analyzed from a spatial dimension. 
Any other combination of the attributes based on in-depth local knowledge might prove 
more rational for implementing mitigation measures. The accuracy of classifying flooded 
areas from non-flooded areas is limited by partial cloud cover over the area and the 
predominance of tree canopy in the rural settlement. Unavailability of updated large-scale 
maps also restricts our ability to undertake a detailed mapping of settlements in the study 
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area. The lack of high-resolution digital terrain data for the developing countries also 
leads to difficulty in assessing the accuracy of the classification results (Sanyal and Lu, 
2004). In spite of these constraints, the study resulted in a reasonably accurate spatial 
information database, which is suitable for generating 1: 250,000 hazard maps. Since a 
very high magnitude and low frequency flood has been studied, there is very little 
possibility of leaving any potentially flood vulnerable settlement unidentified. We 
propose that efforts should be made to generate cost intensive, high-resolution terrain 
data, at least for areas of high flood depth zone. Such an effort will immensely enhance 
our capability to estimate flood hazard and assess the vulnerability of people. In the last 
two chapters we have illustrated two different approaches of using Geo-Information 
Technology in mitigation. In the next section this study explores the area of preparedness 
and response in flood management. In this chapter orientation of the research has moved 
from top-down disaster mitigation effort to very detailed local emergency response 
planning. A spatial data model has been built to determine optimum location of flood 


















Chapter 6: OPTIMUM LOCATION FOR FLOOD 































It is mentioned in the 1st chapter that the cycle of natural hazard management has three 
major components, namely mitigation, preparedness-response and recovery. Just like 
mitigation, formulating efficient preparedness and response system is also one of the 
prime application areas of geo-information technology in flood management. As the 
research progresses, we have changed our focus from developing one set of planning tool 
to another.  Continuing this trend, this chapter addresses the issue of preparedness in the 
maximum possible details for West Bengal. The previous chapter has exhibited the 
application of remote sensing technology at a regional scale. Use of Landsat data is 
particularly suitable for carrying out mapping in a 1: 250,000 scale. The current chapter, 
on the other hand, addresses the issue of flood preparedness at the 1:25,000 scale. In 
harmony with the 4th chapter it has been maintained that optimum utilization of precious 
resources can only be ensured by looking at the flood hazard at different resolution 
according to their importance. 
          Primary objective of this chapter is twofold. It seeks to identify the settlements that 
are vulnerable to monsoon floods in Ajay River Basin. Remotely sensed data and large-
scale topographic maps have been used to achieve this goal. Consequently effort has been 
made to determine optimum location for establishing flood shelters for those flood prone 
settlements. Proximity analysis tools in vector GIS and relational database management 
system (RDBMS) have been extensively utilized to formulate this strategy. 
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Overall focus of this investigation is centred upon assessment of flood risk and 
formulation of a non-structural mitigation plan based on Geo-Information Technology. It 
is essentially a micro scale study and the problem has been addressed to its maximum 
possible details. The study has been structured in such a way that the identified 
vulnerable settlements have been used as the input for the site selection for flood shelter.      
6.2 Study Focus 
 
Ajay River Basin has been chosen for this large scale study because most detailed 
topographic maps and SAR data, capturing peak of a major flood, are available for this 
tact of West Bengal. This area falls well within Gangetic West Bengal. Ajay is one of the 
major Western tributary of River Bhagirathi. It originates in the Chotanagpur Plateau 
flows from West to East from Indian state of Jharkhand to West Bengal. Location of the 
study area is shown in Figure 6.1. This area marks the boundary of Gangs Delta with the 
Deccan Plateau of India. The current study area is designated as Older Deltaic Plain or 
Rampurhat Plain (Bhatacharya and Banerjee, 1979). A Digital Elevation Model (DEM) 
of 30 m grid size has been created in Arc Info by incorporating available spot heights 
with vectorized contours. 1:25,000 topographic maps, prepared by Survey of India, have 
been used as the source data. The region is gradually undulating from West to East with 
some pocket of low lying and elevated area at the Eastern portion. 
 
This area has been affected my major flood at least 5 times in last 15 years (Irrigation and 
Waterways Deptt.W.B., 1995). Major events took place in Year 1991, 1995, 1999 and 
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2000. Embankments protect the entire northern bank and a considerable portion of the 
southern bank of Ajay River. Major floods occur when the river overtop these 
embankments or even breaches some vulnerable portions. Agricultural land is the 
dominant land use. Arable land is dotted with small rural settlements. Due to ubiquitous 












6.3 Identification of flood prone settlements 
 
In congruence with the 5th chapter it has been decided to use a high magnitude flood as an 
index of flood threat in Ajay River Basin. A high magnitude flood in which individuals 
and society suffers substantial damage can be designated as a damaging flood. The 
relationship between hydrologic and damaging flood is guided by numerous intervening 
factors such as, river channel modification, land use, structural mitigation etc (Pielke Jr, 
2000). The concept of damaging flood brings hydrologists and policy makers in a 
common platform. It results in a better floodplain management and mitigation effort. 
          The September, 1995 flooding along the Ajay River Basin meets all criteria of 
being considered as a damaging flood. Due to continuous heavy precipitation over the 
upper and lower reach of its catchment River Ajay overtopped its embankments causing 
havoc to the life and property along its two banks. At least an area of 85 km 2 was 
inundated (Irrigation and Waterways Deptt.W.B., 1995).  
            Remote sensing technology can immensely help us to capture extent of particular 
flood and make it possible to visualize spatial pattern of the hazard. Dominance of cloud 
cover during flooding season is the most severe constraint for using space borne sensors 
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that operate in the visible and near infrared portion of the electromagnetic spectrum. 
Radar images with its cloud penetrating capability prove extremely useful to overcome 
this problem. It has been pointed out in the 2nd chapter that for last two decades synthetic 
aperture radar (SAR) has been extensively used in the field of flood detection (Immhoff 
et al, 1987; Biggin and Blyth, 1996; Zhou et al, 2000). Application of SAR data for flood 
detection ranges from simple change detection technique using scenes of dry and flood 
season for same area (Lee and Lee, 2003) to creating colour composite by assigning grey 
scale image of each date to basic colour (RGB) channels (Long and Trong, 2001). 
 
A European Remote Sensing Satellite (ERS-2) SAR Precision Image (PRI) data has been 
used in this study to analyse spatial dimension of a damaging flood. It was acquired on 
28th September, 1995, during the peak of the flood in Ajay River Basin. The imagery 
provided an uninterrupted coverage of flood situation. ERS-1 is a side looking radar 
system. ERS-1 SAR mode has a wavelength of 55 m (C-Band) and an incidence angle of 
23°. PRI scenes are projected to ground range and resampled to a 15 m × 15 m pixel size. 
The PRI scene has been georeferenced to 3 topographic sheets of 1:25,000 scale using 19 
GCPs. A RMSE of 0.93 pixels has been achieved. 
            There are number of constraints associated with the use of SAR data for flood 
delineation. One of the most important of them is speckle. A sensor can receive 
microwave signal returning from same place on earth surface in a phase in or out of phase 
manner. This produces a random pattern of brighter and darker pixels in the SAR image 
giving it a distinct grainy look (Lillesand et al, 2004). It has been reported that in rural 
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areas where large homogeneous textural areas exist a median filter provides very 
effective means to reduce speckle (Badji and Dautrebande, 1997). Median filter of 
varying dimensions have been applied over our data and an optimum solution has been 
achieved by applying it twice in a 5 × 5 moving window. After reducing the speckle the 
PRI scene has been enhanced to improve its visual interpretability.  
         Basic principle of detecting water over a SAR image is that surface of flood water 
in the absence of strong wind produces specular reflection (Oberstadler et al, 1997). 
Specular reflection, in terms of back scattering, results in low intensity signal. Pixels 
characterised by this process appear in dark grey whereas dry surface because of high 
back scattering coefficient appear bright. The boundary between inundation and dry 
surface appears exceptionally dark, making it easy to visually detect the extent of 
flooding.  
          Rural settlements in the study area have been digitized from topographic map and 
the layer has been superimposed over the processed SAR flood scene. It is noted in 
Figure 6.2 that the flooded area stands out in distinct dark shade along both bank of Ajay 
River. Flooding was widespread over the right hand bank (Northern portion) and South-
central portion of the study area. Settlements that fall within the maximum extent of 
inundation have been identified as the vulnerable settlements.  Only those settlements 
have been considered for being served by flood shelters.  
         Unavailability of multi-date SAR scenes for the same area and high resolution 
terrain data have limited our capability to employ more sophisticated digital image 
processing techniques and spatial models. Central focus of this chapte is not improving 
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upon digital image processing techniques for delineating flood. This study aims to 
identify the settlements that are exposed to the risk of monsoon flooding in Ajay River 
Basin. Visual interpretation of the processed SAR flood scene, supported by documented 
account of that particular flood (Irrigation and Waterways Deptt., 1995) can effectively 
perform this task.It is widely noted that ripples in water due to prevalence of strong wind 
(Yang et al, 1999) orientation of the radar antenna to the water surface and forest cover 
(Kundus et al., 2001) can pose severe constraint to distinguish flood water in SAR scene. 
Mountainous topography produce shadow in the SAR scene and dry surface appears as 
water due to suppressed backscattering coefficient. Luckily, terrain of Ajay River Basin 
is absolutely flat and forest cover is almost insignificant. Prevalence of strong wind might 
have affected the pattern of backscattering. A careful association of the inundated surface 
with other features such as, levees dry crop land etc helps us to partially overcome this 
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Figure 6.2 ERS-1 SAR scene showing flood situation in entire study area during the peak of a major flood on 28th September, 1995. Affected rural 
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6.4 Flood shelter planning for preparedness and response 
 
Flood mitigation strategies are broadly classified under two categories; structural and 
non-structural. While structural strategy mainly concentrates on building dams and 
embankments to contain the river, non-structural measures focus on implementing 
floodplain zoning and corrective floodplain landuse pattern in highly flood prone areas. 
Over the passage of time and increasing experience it has been realized that structural 
measures are not quite effective in reducing frequency of flood occurrence over most of 
the floodplains of the world. The Federal Interagency Task Force in USA analysed the 
flood damage related data for that country for a seventy-year period (1916-85) and 
concluded that property losses due to flood have remained constant in USA in relation to 
her overall economy (FIFMTF, 1992). As a result, in recent years more and more 
emphasis has been placed on formulating efficient non-structural strategy that will keep 
the fluvial system unaltered while reducing the impact of this natural hazard. 
         One important realization from the past experience of implementing floodplain 
zoning is that given a choice the existing population of a flood prone area always favours 
the structural measures (Smith, 2000). In a developing country like India, where existing 
high population density has already made agricultural land a scarce resource, 
implementation of a ‘rational’ floodplain land use is an uphill task. It must be kept in 
mind that existing communities over the flood prone area cannot be relocated. In this 
socioeconomic scenario the impending task of mitigation can be accomplished only by 
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ensuring safety of the life and property of the vulnerable communities while not to 
dislodge them from there land. 
 
6.4.1 Location analysis of flood shelters 
 
A practical way to mitigate flood hazard in densely populated developing countries is to 
build flood shelter in the highly flood prone area. Flood shelters can be perceived as high 
concrete structure where flood affected communities can take refuge during extreme 
hydrological events. A developing country like India, which often faces sharp trade-offs 
between allocating precious fund to cover different aspects of flood management; the 
issue of locating the flood shelters assume great importance. The current research fits 
well in the realm of GIS based optimum location analysis. GIS has been used for location 
analysis and site selection in a variety of way over last 20 years. Application of GIS in 
site selection started in 1970s with Keifer and Robbins (1973). Dobson (1979) carried out 
a study to explore the best possible site of a power plant in the state of Maryland in USA. 
In recent years GIS has been widely used to find out optimum and cost-effective location 
for healthcare facilities (Goodchild, 1991, Birkin, 1996, Deshpande, 2004). GIS has been 
used for expanding banking business by assisting the management to find optimum 
location for opening new branches (Reidenbach & Pitts, 1986). On the other hand, GIS 
based spatial interaction model has been designed by Morrison and O’Brien (2001) to 
facilitate bank’s decision making process to close down some unprofitable branches in 
New Zealand.  GIS has also been assisting in the simulation of physical access route in 
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the remote areas of Bolivia (Perry and Gesler, 2000) and Costa Rica (Rosero-Bixby, 
1993).  
          Accessibility is always at the centre of the location problem and distance is very 
often taken as the measure of accessibility (Current et al, 1991).   Bangladesh 
administration has built some flood shelters to protect the population from storm surges 
(Plate 6.1)  
 
 Plate 6.1 Photograph of a flood shelter in CoxBazar, Bangladesh. The second floor built 
on high pillars is designed to provide shelter to flood affected people during emergency. 
(Source of Photograph: http://archnet.org/library/images/)  
 
Chowdhury et al (1998) identified three reasonable criteria of locating a flood shelter; I) 
providing necessary protection to largest area or maximum number of planning units, II) 
providing same level of protection to all planning units and III) minimize overall risk of 
the vulnerable community. He addressed the problem from the point of view of macro 
level planning for entire Bangladesh. Our study, on the other hand, is a micro level 
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planning effort. Hence, it is apt to improvise the suitable criteria for selecting optimum 
sites of flood shelters in Ajay River Basin. 
 
Ideally each vulnerable settlement should have one flood shelter but due to lack of 
available resources this requirement is not economically viable. After considering the 
available dataset at our disposal and interacting with local people and administration  
We have set 3 guidelines for selecting optimum site of flood shelters in the study area. 
These guidelines are discussed below. 
         A shelter should be located within an existing settlement. Building concrete 
structure on highly productive arable land would invite conflict between the 
administration and local people. A shelter located within a settlement (residential area) 
can take advantage of its existing infrastructure such as, drinking water source, link to 
transport and telecommunication etc. During dry season it can act as a school, warehouse, 
or a place for community activity providing more rationale for the government to invest. 
         A shelter must be within walking distance of its neighbouring settlements. Here 
walking distance signifies a distance that people of all age can cover in short time on 
foot. After interviewing the local people it has been decided that 1 km is the maximum 
distance that people can walk during emergency to reach a flood shelter. A straight-line 
distance has been taken into consideration because majority of the rural roads in that area 
are unusable during flooding season. As the local topography is very flat it is not 
particularly inconvenient for the local people to walk in any direction from their 
dwellings. 
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A shelter has to be located at a place from where it can serve maximum number of its 
vulnerable neighbours. This is the key criterion of our spatial model that would dictate 
the final solution. To put simply, it has been decided that a particular settlement to be 
considered as a shelter, must be within 1 km of at least 2 of its neighbours. Our goal is to 
identify those settlements as flood shelter that is located within 1 km of maximum 
number of its neighbours.  
 
6.4.2 Architecture of the GIS 
  
 Central focus of this study is to determine those settlements that satisfy all the above 
mentioned criteria and hence, suitable for establishing a multipurpose flood shelter. As 
the current study considers the straight line distance among the settlements as the prime 
criterion for site selection there is a need to transform dimension of the settlements from 
polygon to point. Vector GIS platforms, such as Arc Info, has readily available 
functionality that can compute distance between given points. 
          In a bid to facilitate proximity analysis, centroids of the settlement polygons have 
been computed in Arc Info. Apart from making use of the available proximity analysis 
tools there is another important justification for representing the settlement polygons with 
points. When measuring distance between two polygons for evaluating accessibility, a 
planner would do justice with all the people of both settlements only if the distance is 
measured between their centroids. Otherwise, some people of each settlement would be 
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in disadvantageous situation during evacuation. Moreover, no concrete guiding principle 
can be adopted for developing the desired location model. 
 
Flood affected settlements have been conceptually classified into two groups; shelter 
settlements and the settlements that would be served by the shelter settlements during 
monsoon floods. Our effort is to determine which particular settlements qualify for being 
considered as a ‘shelter’ and which are the neighbouring settlements that are served by 
them.  
          Point-Distance tool in Arc Info has been used to compute the distance of each 
settlement centroid from all of its surrounding settlement centroids. It has been 
recognized that straight-line distance cannot act as a measure of accessibility where 
conspicuous physical boundaries such as a mountain or a river exists between two 
settlements. Although Ajay River Basin in West Bengal is very flat with no prominent 
obstruction the River Ajay itself acts as a formidable barrier for the local inhabitants to 
travel across it, especially during monsoon season. Keeping this in mind, calculations of 
distance between the settlements have been done separately for the northern and southern 
bank of Ajay River. As mentioned before, based on local people’s experience, a search 
radius of 1000 m or 1 km has been specified for measuring distance. Anything beyond 
this distance has been considered unrealistic for people to travel on foot during a major 
flood.    
         Output of Point-distance Tool is an INFO table that represents distance of each 
point from all the points within the specified search radius. It is evident that such a table 
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can be quite huge when a good number of points are included in the computation with a 
longer search radius. Our original table is also quite big and not suitable for presenting in 
this section. Table 6.1 shows a sample of our output Info table with all typical 
characteristics associated with it.  
 






1 A A 0 
2 B C 432 
3 C B 432 
4 D F 870 
5 E G 0 
6 F D 870 
7 A C 624 
 
Table 6.1 A sample output of the Point-Distance Tool in Arc INFO. Settlement IDs and 
distance figures are hypothetical.  
 
Row 1 describes that each point computes its distance from its own and yields the result 
0. Row 2 and 3 and row 4 and 6 illustrate that there is a repetition in the computation 
process. Row 5 depicts a situation where distance between settlement E and G is beyond 
the search radius (i.e. 1000 m), therefore yielding a 0 in the measured distance column. It 
is quite evident from the sample INFO table that the output of Point-Distance Tool in Arc 
Info is crude in nature and far from ready to achieve our objective. 
        For treating the raw INFO table it has been imported in a Relational Data Base 
Management System (RDBMS). MS ACCESS has been chosen for performing the task. 
After this point major challenge of this project was to clean the raw data so that it can be 
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joined with the feature dataset of the settlements. The major steps that have been taken to 
extract the relevant information from the raw INFO table are described below. 
 
All the rows having a distance 0 have been omitted from further analysis as they are 
either redundant or not relevant under the specified criteria for optimum location of flood 
shelter. Frequency of the Settlement IDs has been calculated to determine how many 
times a particular settlement ID has appeared in the output INFO table. Any Settlement 
ID that appears for a good number of times in the same column in the INFO table is 
seemingly located within 1000 m of a number of settlements. Those settlements are of 
prime importance for setting up flood shelter as our objective is to serve as many 
settlements as possible from a single flood shelter. This apparently straightforward task 
becomes complicated due to overlapping of the territories of the shelter settlements. This 









Case 1                                                      Case 2                                                      Case 3 
  
Figure 6.3 Schematic 
diagrams depicting 
different processing 
level for the output 
INFO table for 
determining optimum flood shelter location
Shelter Settl. Served Settl. Distance 
A B AB 
A C AC 
A D AD 
P Q PQ 
P R PR 
P S PS 
Shelter Settl. Served Settl. Distance 
A B AB 
A C AC 
A D AD 
C A CA 
C X CX 
C Y CY 
Shelter Settl. Served Settl. Distance 
A B AB 
A C AC 
A D AD 
X Z AZ 
X Y AY 
X C XC 
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Case 1 is the perfect situation where Settlement A and P appeared 3 times in the INFO 
table with no repetition. Settlement B, C and D are within 1km of Settlement A and same 
is the case for Settlement Q, R and S with Settlement P. In this situation Settlement A and 
P can be unambiguously attributed as the optimum location of flood shelter. They serve 3 
of their neighbouring settlements. 
       The most severe problem arises in Case 2. In this situation both Settlement A and C 
appeared 3 times in the INFO table and apparently they are acting as a potential flood 
shelter and serving 3 of their neighbouring settlements. A closure look at the INFO table 
reveals that the raw frequency of the settlements Ids can be quite misleading for 
evaluating hierarchy of the flood shelters. In Case 2 the territory of the potential flood 
shelters overlap and they compete with each other. In this situation Settlement A and C 
both appear as a potential flood shelter serving 3 of their neighbours while they consider 
each other as one of their served settlements. When both shelters are apparently serving 
equal number of adjacent settlements a guiding principle must be in place to select one of 
them. Incorporation of C in A’s sphere of influence (or A in C’s sphere of influence) 
automatically nullifies C’s claim to be considered as a flood shelter. An objective 
guideline has been adopted in our spatial model to deal with this situation. Cumulative 
distance of A and C with its neighbours (i.e. AB + AC + AD  and CA +CX +CY ) has 
been taken as the criterion for making a choice between A and C as the potential flood 
shelter. If ( AB + AC + AD ) < (CA +CX +CY ) then Settlement C would be assigned to 
Settlement A and vies-versa. Assuming the above condition as true Settlement B, C and 
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D would be assigned a code in the attribute table indicating that they are served by the 
shelter at Settlement A.  
 
Case 3 is simpler than Case 2 and easy to settle. Here Settlement A and X appear as 
potential flood shelter serving 3 of their neighbours. It is evident from the sample INFO 
table that Settlement C falls within 1 km of both A and X. To avoid this kind of double 
counting in our spatial model it has been decided that if AC  < XC  then C would be 
assigned to A and vies-versa. 
         Once a vulnerable settlement is assigned to a potential flood shelter it is deleted in 
the parent database so that that the settlement cannot compete with others as a flood 
shelter at a lower level of hierarchy. To give an example, a shelter may serve 8 of its 
neighbours and one or more of these neighbours can still be within 1 km of 7 settlements 
and appear as a shelter in the output INFO table. Therefore, once 8 settlements are 
assigned to a particular shelter they are deleted from the parent table to eliminate this 
kind of conflict in the database. This rule acts in accordance with our primary objective 
of finding shelter sites that can serve maximum number of neighbouring settlements. 
         Figure 6.4 depicts the hierarchy of the flood potential shelters and the group of 
settlements served by each of them. Different colours have been used to represent group 
of potential flood shelters that serve specific number of their neighbours. The settlements 
that would be served by a particular shelter have been assigned the same colour as the 
shelter to avoid confusion during interpretation. The processed SAR flood scene of 28th 
September, 1995 has been used as the background to portray the real situation that 
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existed on ground during a damaging flood. The area appearing in dark shade of grey 
represents the inundated surface. Permanent course of Ajay River is shown in blue 
colour. Road network of the area has also been depicted to give an idea of transport 
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The spatial model dealing with optimum site selection for flood shelters is simple and 
easy to implement but it takes into account only the straight line distance between the 
centroids of settlement as the guiding criterion of location optimization. Incorporation of 
other relevant factors like, population of the affected settlements, building materials for 
the houses, might make the model robust and more capable of dealing efficiently with the 
ground situation. The smallest unit of collecting population and other socioeconomic data 
in India is Revenue Village. Administrative boundary of the revenue villages in India is 
constant since the colonial period but the rural areas have experienced phenomenal 
increase in the number of rural settlements in the post-colonial period. As a result, 
Revenue Village boundaries cut across individual rural settlements (Sanyal and Lu, 
Forthcoming). Due to this fact Census of India database cannot be integrated in our 
spatial model. For critical situation it is recommended to take local population into 
account in the decision making process. This factor would particularly help to determine 
the size and capacity of flood shelters. Settlement to settlement survey of population can 
be justified for most flood prone settlements.  
It is noted in Figure 6.6 that there are quite a few settlements in the flood-prone zone that 
have not been covered by any potential flood shelter. It is recognized that the spatial 
model developed in this study can only optimize the site selection procedure based on 
certain criterion. Here straight-line distance has been used as the determining factor. This 
methodology can provide would enable a planner to view the location allocation problem 
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in an objective manner. In the implementation stage rigorous interaction is required 
between the administration and local inhabitants of Ajay River Basin. Intense people’s 
participation might help in modifying this model in meaningful direction. Other than 
distance, several criteria of the uncovered settlements, such as size or past history can be 
utilized to build flood shelters at or near them. But undoubtedly distance is the primary 
factor of accessibility in a flat floodplain like this and therefore should be given 




The current study is an effort to provide an effective planning tool for the flood plain 
managers and administrators. Rather than using flood frequency analysis of river 
discharge we have adopted a methodology to identify the highly vulnerable zone directly 
from past flood experience. Use of remotely sensed data would enable a planner to 
visualise spatial extent of the problem. Such an approach would provide a synoptic view 
of the flood as well as the flood prone human settlements. Application of Geo-
Information Technology has facilitated a comprehensive spatial solution of the problem. 
This study utilised spatial data of highest possible resolution, available for civilian use, in 
India.  This is a large scale study which accounts for each and every settlement of the 
study area and hence, suites perfectly for grass-root level flood management of rural 
communities. Such methodology can be of interest to a wide range of development 
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agencies in the developing countries that optimum utilization of limited resources is the 
prime concern of the planners.  
 
Availability of high resolution terrain data might have helped in applying a hydrological 
model. With such a model it might have been possible to classify the affected settlements 
at different level of vulnerability based on estimated accumulation of water from the 
channel. More intensive survey of the area and participation of the flood prone 
communities would make this model more efficient. Multipurpose flood shelter can be 
put to varieties of uses such as, warehouse, community gathering centre, to benefit the 
local masses. These uses are likely to minimize the conflict between government 




































7.1 Achievements of the study 
Previous chapters pointed out that planners as well as administrators can use the output of 
a flood related Geographic Information System to pinpoint the most vulnerable 
community. This research exhibits how Geo-Information Technology can be improvised 
to provide viable planning tools under different situation of data shortage. The entire 
thesis emphasized the need to develop a GIS that will enable the planners to utilize all 
flood related dataset.  
        This study has demonstrated that hydrological data is not enough for the assessment 
of flood hazard. Assessing flood hazard is a multi-dimensional problem. Hydrological 
data can be meaningfully integrated with socioeconomic data to create a flood hazard 
database. Such a database, when related to a map adds an additional dimension to its 
functionality.  This study has also shown how flood hazard related information can be 
extracted from satellite imageries and synthesized with census data to identify the 
settlements that are exposed to different degree of flood risk. The thesis illustrated that in 
the absence of high-resolution digital terrain data, a very high magnitude and low 
frequency flood can be used as an index case for visualizing potential flood damage. This 
may make task of floodplain zoning simpler for the planner. Distance based location 
models have been developed to optimize the decision making process of building flood 
shelters. This thesis emphasized the issue of scale in preparing any risk assessment or 
mitigation related study and envisaged that wise selection of scale can not only facilitate 
just use of precious fund but also create provisions for accommodating existing relevant 
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dataset in a flood hazard database. Although the study addressed some technical issues in 
Geographic Information System and remote sensing its primary objective is to 
demonstrate how remote sensing can be meaningfully used as a cost effective tool to 
formulate flood mitigation policy in the developing countries. 
 
7.2 Future prospect 
Rather than depending on point based hydrological information, GIS and Remote Sensing 
would open a new world of flood risk assessment. Many kind of existing database having 
a spatial reference can be easily integrated with it to account for multiple dimensions of 
flooding.  In comparison with direct surveying method Remote Sensing provides a very 
cost effective means to have a synoptic view of the total flood scenario. More and more 
flood related spatial data can be stored in a central flood hazard database. This would 
facilitate a better time-series analysis of monsoon flooding. A dedicated flood hazard 
database, connected over network and accessible to all concerned parties such as, 
irrigation department, development blocks or village council administration would 
certainly enhance our capability to minimize damage during a major flood. With the 
creation of more detailed digital maps the concerned government agencies will be able to 
take more accurate decision for estimating the flood hazard potential of a particular 
community. Finally, I would like to point out that the methodologies and parameters used 
in this study for estimating flood hazard are not absolute in nature. They may be modified 
for better performance with more detailed ground truth support and knowledge about the 
aspiration about the flood vulnerable communities in West Bengal. Similar methodology 
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may prove useful for the data poor flood-prone countries elsewhere with modifications 
according to local physical and cultural landscape.       
 
 















































































Ali, A. and Quadir, D. A. (1987) ‘Agricultural hydrologic and oceanographic studies in 
Bangladesh with NOAA AVHRR data’, International Journal of Remote Sensing, 8(6), 
917 – 925. 
 
Ali, S., Hassan A., Martin, T. C., and Hassan Q. K.(2001) ‘Geospatial tools for 
monitoring flood plain water dynamics’, In: M. Owe, K. Brubaker, J. Ritchie, and A. 
Rango, A. (eds), Remote Sensing and Hydrology 2000, IAHS Publication, Oxford, pp. 
465–471. 
 
Anandabazar Patrika (In Bengali), 2000, November 3   
 
Andre, G., Guillande, R., and Bahoken, F.( 2002) ‘Flood mapping using spatial radar and 
optical imagery and digital elevation model: Limits and capacities’, Houille Blanche-
Revue Int. De LEAU 1, 49–54. 
 
Ansari, J. H. (2001) ‘Land use planning for disaster mitigation in flood-prone areas’, 
Spatio-Economic Development Record, 8 (1), 32-37. 
 
Bagchi, K.（1945) The Ganges Delta, University of Calcutta, Kolkata, India. 
 
Basu, P. K. (2001) ‘Flood 2000: a comprehensive study with major floods in the state’ 
Sechpatra 3(1) 6-12 
 
Bartaman (In Bengali), 2000, September, 30  
 
Barton, I. and Bathpls, J. (1989) ‘Monitoring floods with AVHRR’, International Journal 
of Remote Sensing, 10(12), 1873–1892. 
 
Berg, A. and Gregiore, J. M. (1983) ‘Use of remote sensing techniques for rice 
production forecasting in West Africa, (Mali and Guinea: Niger-Bani project), ESA’ 
Satellite Remote Sensing for Developing Countries, Ispra, Italy, 161–168  
 
Beven, K. J., and Kirkby, M. J. (1979) ‘A physically based, variable contributing area 
model of basin hydrology’, Hydrological Science Bulletin,  24, 43–69. 
 
Bhatacharya, A. and Banerjee, S. N. (1979) ‘Quaternary geology  and geomorphology of 
the Ajay-Bhagirathi Valley, Birbhum and Murshidabad Districts, West Bengal’, Indian 
Journal of Earth Sciences, 6(1), 91-102.  
 
Bhavsar, P. D. (1984) ‘Review of remote sensing applications in hydrology and water 




Birkin, M. (1996), ‘Retail location modelling in GIS’, in Longley P, Batty M (eds) 
Spatial Analysis: Modelling in a GIS environment, Cambridge, U.K., Geoinformation 
International. 
 
Boyle, S. J., Tsams, I. K., Manber, A. S. C. E. and Kanaroglu, P. S. (1998) ‘Developing 
geographical information system for land use impact assessment in flooding conditions’, 
Journal of Water Resource Planning and Management, 124 (2), 89–98. 
 
Brakenridge, G. R., Tracy, R. T., and Know, J. C. (1998) ‘Orbital SAR remote sensing of 
the river flood waves’, International Journal of Remote Sensing 19(7), 1439–1445.  
 
Brimicombe, J. and Bratlet, J. M. (1996) ‘Linking geographical information system with 
hydraulic simulation modeling for flood risk assessment: The Honk Kong Approach’, in 
M. F. Goodchild (eds), GIS and Environmental Modeling, Oxford University Press, New 
York, 165–168.   
 
Brivio, P. A., Colombo, R., Maggi, M. and Tomasoni, R. (2002) ‘Integration of remote 
sensing data and GIS for accurate mapping of flooded areas’, International Journal of 
Remote Sensing, 23 (3), 429–441. 
 
Brouder, J. A. M. (1994) ‘Flood study in the Meghna-Dhonagoda Polder, Bangladesh’,  
Proc. Asian Institute of Remote Sensing, Bangalore, India, 17–23 November.   
 
Brunsden, D. and Thorns, J. B. (1979) ‘Landscape sensitivity and change’, Trans. Inst. 
Br. Geogr., New Series 4, 463–484. 
 
Canon T. (2000) ‘Vulnerability analysis and disasters’, in Floods Vol-I. Parker DJ (eds), 
Routledge, New York, 45-55. 
 
Chatterjee, S. P. and Bagchi, K. (1961) ‘Floods in West Bengal-A Geographical 
ananysis’, Geographical Review of India, 23(3), 1-5. 
 
Chen, P., Liew, S. C., and Lim, H. (1999) ‘Flood detection using multitemporal Radarsat 
and ERS SAR data’,  Proc. 20th Asian Conference of Remote Sensing, Hong Kong, 22–25 
November.   
 
Choen, K. and Kwang-Hoon, C. (1998) ‘Flood damage mapping in North Korea using 
multi-sensor data’, Proc. 19th Asian Conference of Remote Sensing, Manila, Philippines, 
16–20 November. 
 
Chow, V. T., Maidment, D. R. and Mays, L. W. (1988),  Applied Hydrology, McGraw-
Hill, New York 
 
 143
Chowdhury, J. U., Watkins, D. W., Rahman, M. R. and Karim, M. F. (1998) ‘Models for 
Cyclone Shelter Planning in Bangladesh’, Water International, 23 (3), 155 – 163.  
     
Clark, M. J. (1998) ‘Putting water in its place: A perspective in GIS in hydrology and 
water management’, Hydrological Processes, 12, 823–834. 
 
Collins, S. H. and Moon, G. C. (1981) ‘Algorithms for dense digital terrain models’, 
Photogrammetric Engineering and Remote Sensing, 47, 71–76. 
 
Coppock, J. T. (1995) ‘GIS and natural hazard: an overview from a GIS perspective’, in 
A. Carrara and F. Guzzetti (eds), Geographical Information System in Assessing Natural 
Hazard, Kluwer Academic, Netherlands, 21–34. 
 
Cova, T.J. (1999) ‘GIS in emergency management’ In: Geographical Information 
Systems: Principles, Techniques, Applications, and Management, P.A. Longley, M.F. 
Goodchild, D.J. Maguire, D.W. Rhind (eds.), John Wiley & Sons, New York, 845-858. 
 
Current, J. R., Min, H., Schilling. D. (1990) ‘Multiobjective analysis of facility location 
decisions’, European Journal of Operation Research, 49, 295-307. 
 
Deshpande, K., Shankar, R., Dewan, V., Lonnroth, K., Nmahadik, V. K., Chandrokar, R. 
K. (2004) ‘Spatial pattern of private healthcare provision in Ujjain, India: A provider 
survey processed and analysed with a Geographical Information System, Health Policy, 
68, 211-222.    
 
Deutsch, M. (1976) ‘Optical processing of ERTS data for determining extent of 1973 
Mississippi River flood’, USGS Professional Paper 929, ERTS-1, A New Window on Our 
Planet, 209–222. 
 
Deutsch, M. and Ruggles, F. (1974) ‘Optical data processing and projected application of 
the ERTS1 imagery covering the 1973 Mississippi River Valley floods’,Water Resource 
Bulletin 10(5), 1023–1039. 
 
Deutsch, M., Ruggles, F., Guss, P., and Yost, E. (1973) ‘Mapping the 1973 Mississippi 
floods from the Earth Resource Technology satellites’, in Proc. International Symposium 
on Remote Rensing and Water Resource Management, American Water Resource 
Association, No. 17, Burlington, Ontario, 39–55. 
 
Dhakal, A. S., Amda, T., Aniya, M., and Sharma, R. R. (2002) ‘Detection of areas 
associated with flood and erosion caused by a heavy rainfall using multi temporal 
Landsat TM data’, Photogrammetric Engineering and Remote Sensing, 68(3), 233–239. 
 
Dobson J, A. (1979) ‘A regional screening procedure for landuse suitability analysis’, 
The Geographical Review, 69, 224-34. 
 144
 
Dowman, I. J, Morris, A. H. (1982) ‘The use of synthetic aperture radar for mapping’, 
Photogrammetric Record, 10(60), 687-696. 
 
England, C. F., Hunt, G. E. (1985) ‘A bispectral method for the automatic determination 
of parameters for use in imaging satellites cloud retrievals’. International Journal of 
Remote Sensing, 6(8), 1545-1553. 
 
Fedaral Emergency Management Agency (FEMA) (2003) (http://www.fema.gov/nfip) 
Accessed 20 September. 
 
Fowler, R. A. (2002) ‘LIDAR for flood mapping, Earth Observation Magazine’ 9(7) 
(http://www.eomonline.com/Common/Archives/July00/robert.htm, true as par 30th May, 2003)  
 
Ganashakti (In Bengali), (2000) November 3. 
 
Gamon, J. A., Field, C. B., Goulden, M. L., Griffin, K. L., Hartley, A. E., Joel, G., 
Penuela, J., and Valentini, R. (1995) ‘Relationship between NDVI, canopy structure and 
photosynthesis in their Californian vegetation types’, Ecological Applications, 5, 28–41. 
 
Godschalk, D. R. (1991) ‘Disaster mitigation and hazard management’, in T. E. Drabek 
and G. J. Hoetmer (eds), Emergency Management: Principles and Practice for Local 
Government, International City Management Association, Washington, D.C.  131–160. 
 
Goswami, A. K. (1983) ‘Studies on the nature of floods in the depressed belt of southern 
West Bengal’ Geographical Review of India 41(2) 189-201 
 
Gumley, L. and King, M. D. (1995) ‘Remote sensing of flooding in the US Upper 
Midwest during the summer of 1993’, Bulletin of American Meteorological Society, 
76(6), 933–943.   
 
Gupta, A. (1988) ‘Large floods as geomorphic events in the humid tropics’, in Victor R. 
Barker, Craig R. Kochel, and Peter C. Paton (eds), Flood Geomorphology, John Wiley 
and Sons, 301–321. 
 
Gupta, A. (1983) ‘High magnitude floods and stream channel response, Special 
Publication of International Association of Sedimentology, 6, 219–227. 
 
Haack, B. N., Herold, N. D., Bechdol, M. A. (2000) ‘Radar and optical data integration 




Haack, B. N. and Slonecker, E. T. (1994) ‘Merged spacborne radar and thematic mapper 
digital data for locating villages in Sudan’, Photogrammetric Engineering and Remote 
Sensing, 60(10), 1253-1257. 
 
Hallberg, G. R., Hoyer, B. E., and Rango, A. (1973) ,Application of ERTS1 imagery to 
flood inundation mapping’, NASA Special Publication No. 327, Symposium on 
Significant Results Obtained from the Earth Resources Satellite 1, Vol. 1, Technical 
presentations, section A, 745–753.  
 
Hausmann, P. and Weber, M. (1988) ‘Possible contributions of hydroinformatics to risk 
analysis in insurance’,  Proc. 2nd international Conference on Hydroinformatics, Zurich, 
Switzerland, 9 -13 September, Balkema, Rotterdam. 
 
Henderson, F. M. and Xia, Z. G. (1997), ‘SAR applications in human settlement 
detection, population estimation and urban land use pattern analysis: a status report, IEEE 
Transactions on Geoscience and Remote Sensing. 35(1), 79-85. 
 
Henderson, F. M. (1995) ‘An analysis of settlement characterization in Central Europe 
using SIR-B radar imagery’, Remote Sensing of Environment, 54, 61-70. 
 
Hess, L. L., Melack, J. M., and Simonett, D. S. (1990) ‘Radar detection of flooding 
beneath the forest canopy – a review’, International Journal of Remote Sensing, 11(7), 
1313–1325.   
 
Hewitt, K. (1997) Regions of risk: A geographical introduction to disasters. Harlow. UK: 
Addition Wesley Longman 
 
Hodgson, M. E., Jensen, J. R., Schmidt, L., Schill, S., and Davis, B.( 2003) ‘An 
evaluation of LIDAR and IFSAR derived digital elevation models in leaf-on conditions 
with USGS level-1 and level-2 DEMs’, Remote Sensing of Environment,  84, 295–308. 
 
 
Honda, K. C., Francis, X. J., and Sah V. P. (1997) ‘Flood monitoring in central plain of 
Thailand using JERS-1 SAR data’, in Proc. 18th Asian Conference of Remote Sensing, 
Malaysia, 20–24 October.   
 
Horritt, M. S. and Bates, P. D. (2001) ‘Predicting flood plain inundation: Raster based 
modeling versus the finite element approach’, Hydrological Processes, 15(5), 825–842.   
 
Huh, O. K., Ali, A., and Quadir, D. A. (1985a) ‘Mapping of green leaf biomass over 
Bangladesh with NOAA satellite AVHRR data’, Manuscript Report prepared for UN 
Flood and Agriculture Organization, Coastal Studies Institute, Louisiana State 
University., Baton Rouge, LA.   
 
 146
Huh, O. K., Ali, A. and Quadir, D. A. (1985b) ‘Observations on the surface waters of the 
Bay of Bengal with NOAA satellite AVHRR data’, Manuscript Report prepared for UN 
Flood and Agriculture Organization, Coastal Studies Institute , Louisiana State 
University, Baton Rouge, LA. 
 
Huh, O. K., Ali, A., and Quadir, D. A. (1985c) ‘Use of NOAA satellite AVHRR data to 
monitor river flood hydrology in Bangladesh’, Manuscript Report prepared for UN Flood 
and Agriculture Organization, Coastal Studies Institute , Louisiana State University., 
Baton Rouge, LA.  
 
Huguenin, R. L., Karaska, M. A., Blaricom, D. V. and Jensen, J. R. (1997) ‘Subpixel 
classification of bald cypress and tupelo gum trees in Thematic Mapper imagery’, 
Photogrammetric Engineering & Remote Sensing, 63, 717-725.  
 
Hunter, G. J, Goodchild, M. F. (1995) ‘Dealing with error in spatial databases - a simple 
case-study’, Photogrammetric Engineering and Remote Sensing, 61 (5), 529-537  
 
Imhoff, M. L., Vermillion, C., Story, M. H., Choudhury, A. M., Gafoor, A., and Polcyn, 
P. (1987) ‘Monsoon flood boundary delineation and damage assessment using space 
borne imaging radar and Landsat data’, Photogrammetric Engineering and Remote 
Sensing,  53(4), 405–413.  
 
Irrigation and Waterways Department, Government of West Bengal, India (2003) 
(www.wbiwd.com) Accessed 20 September 
 




Islam, M. M. and Sadu, K. (2000a) ‘Development of flood hazard maps of Bangladesh 
using NOAAAVHRR images with GIS’, Hydrological Science Journal, 45(3), 337–355. 
 
Islam, M. M., and Sadu, K. (2000b) ‘Flood hazard assessment in Bangladesh using 
NOAA-AVHRR data with geographical information system’, Hydrological Processes, 
14(3), 605–620. 
 
Islam, M. M. and Sadu, K. (2000c) ‘Satellite remote sensing data analysis for flood 
damaged zoning with GIS for flood management’, Journal of Hydraulic Engineering, 44, 
301–306.   
 
Islam, M. M. and Sadu, K. (2001) ‘Flood damage and modelling using satellite remote 
sensing data with GIS: Case study of Bangladesh’, in Jerry Ritchie et al. (eds), Remote 
Sensing and Hydrology 2000, IAHS Publication, Oxford,  455–458. 
 
 147
Islam, M. M. and Sadu, K. (2002) ‘Development of priority map remote sensing data for 
flood counter measures by geographical information system’, Journal of Hydrological 
Engineering, 7(5), 346–355. 
 
Jensen, J. R., Rutchey, K., Koch, M. and Narumalani, S. (1995) ‘Inland Wetland Change 
Detection in the Everglades Water Conservation Area 2A Using A Time Series of 
Normalized Remotely Sensed Data’, Photogrammetric Engineering & Remote Sensing, 
61(2), 199–209.   
 
Jin, Y. Q. (1999) ‘A flooding index and its regional threshold values for monitoring in 
china from SSM/I data, International Journal of Remote Sensing 20(5), 1025–1030. 
 
Jones, K. H. 1998, A comparison of algorithms used to compute hill slope as a property 
of the DEM’, Comput. Geosci., 24(4), 315–323. 
 




Kiefer, R. W.  and Robbins M. L. (1973) ‘Computer-based Landuse suitability maps’, 
Journal of Surveying and Mapping Division-ASCE, 99, 39-62.  
 
Kite, G. W. (1977) ‘Frequency and risk analysis in hydrology’ Water Resource 
Publications (Fort Collins, CO) 
 
Kundu, A. (1996) Urban development and urban research in India, New Delhi: Khama 
Publishers. 
 
Kundus, P., Karszenbaum, H., Pultz, T., Paramuchi, G., and Bava, J.( 2001) ‘Influence of 
flood conditions and vegetation status on the radar back scatter of wetland ecosystem’, 
Canadian Journal of Remote Sensing, 27(6), 651–662. 
 
Kunni, O., Nakamura, S., Abdur, R. and Wakai, S. (2002) ‘The impact of health and risk 
factors of the diarrhea epidemics in the 1998 Bangladesh flood’ Public Health, 116(2), 
68-74 
 
Kunte, P. D. and Wagle, B. G. (2003) ‘Sediment transportation and depth vatriation study 
of the Gulf of Kutch using remote sensing’, International Journal of Remote Sensing, 
24(11), 2253-2263. 
 
La Touche, T. H. D. (1919) ‘Relics of the Great Age in the plains of Northern India’, 
Report on the Hoogly River and its Headwater, Bengal Secretariat Book Depot, 21 – 22. 
 
 148
Leenaers, H. and Okx, J. P. (1989) ‘The use of digital elevation models for flood hazard 
mapping’ Earth Surface Processes and landforms, 14 (6-7), 631-640 
 
Lillesand, T. M. and Kiefer, R. W. (1999) Remote Sensing and Image Interpretation, 4th 
edn, (Chichester: John Wiley & Sons) 
 
Liu, Y., Islam, M. N., Gao, J. (2003) ‘Quantification of shallow water quality parameters 
by means of remote sensing’, Progress in Physical Geography, 27(1), 24-43. 
 
Liu, J., Teng, X. and Xiao, J. (1986) ‘Application of shuttle imaging radar data for land 
use investigation’, Remote Sensing of Environment, 19, 291-301. 
 
Liu, R. and Liu, N. (2002) ‘Flood area and damage estimation in Zhejiang, China’, 
Journal of Environmental Management, 66, 1–8. 
 
Liu, Z. L., Huang, F., Li, L.Y. and Wan, E. P. (1999) ‘Dynamic monitoring and damage 
evaluation of flood in northwest Jilin with remote sensing’, in Proc. 20th Asian 
Conference of Remote Sensing, Hong Kong, 22–25 November. 
 
 
Lo, C. P. (1986) ‘Settlement, population and land use analysis of the North China plain 
using Shuttle Imaging Radar-A data’, Professional Geographer, 38(2): 141-149. 
 
Long, N. T. and Trong, B. D. (2001) ‘Flood monitoring of Mekong River Delta, Vietnam 
using ERS SAR Data’, i Proc. 22nd Asian Conference of Remote Sensing, Singapore, 5–9 
November. 
 
Lowry, R. T., Langham, E. J., and Murdy, N. (1981) ‘A preliminary analysis of SAR 
mapping of Manitoba flood, May 1979’,  Proc. Satellite Hydrology, Fifth Anniversary. 
William T. Pecora Memorial Symposium on Remote Sensing 1979, AmericanWater 
Resource Association Technical Publication No. TPS81-1, pp. 316–323. 
 
Lyon, J. D., Yuan, G., Lunetta, R. S., and Elvidge, C. D. (1998) ‘A change detection 
experiment using vegetation indices’, Photogrammetric Engineering and Remote 
Sensing, 64, 143–150. 
 
McGinnis, D. F. and Rango, A. (1975) ‘Earth Resource Satellite System for flood 
monitoring’, Geophys. Res. Lett. 2(4), 132–135. 
 
Melack, J. M., Hess, L. L., and Sippel, S. (1994) ‘Remote sensing of lakes and 
floodplains in the Amazon Basin’, Remote Sensing Review, 10, 127–142. 
 
 149
Miller, L. D., Yang, Y., Matthews, M., and Irons, R. T. (1983) ‘Correlations of rice yields 
to radiometric estimates of canopy biomass as a junction of growth stage’, Proc. 4th Asian 
Conference of Remote Sensing, 10–15 November, Colombo, Srilanka, A.6.1–A 6.21.   
 
Minami, M. (2000) Using ArcMap: GIS by ESRI Environmental system research 
institute, Inc, USA 
 
Mitchel, J. K. (Ed) (1999) Crucibles of hazard: mega –cities and disaster in transition. 
New York, United Nations Publication. 
 
Moor, I. D., Grayson, R. B., and Ladson, A. R. (1991) ‘Digital terrain modelling: A 
review of hydrological, geomorphological, and biological applications’, Hydrological 
Processes, 5, 3–30.   
 
Morrison, R. B. and Cooley, M. E. (1973) ‘Assessment of flood damage in Arizona by 
means of ERTS-1 imagery’, Proc. Symposium on Significant Result Obtained from the 
Earth Resource Satellite 1, Vol. 1, New Carrollton, Maryland,  755–760. 
 
Morrison, R. B. and White, P. G. (1976) ‘Monitoring flood inundation’, USGS 
Professional Papers No. 929, ERTS-1, A New Window on Our Planet, 196–208. 
 
Nico, G., Pappalepore, M., Pasquariello, G., Refice, A., and Samarelli, S. (2000) 
‘Comparison of SAR amplitude vs. coherence flood detection methods- a GIS 
application’, International Journal of Remote Sensing, 21(8), 1619–1631. 
 
Norman, N. S., Nelson, E. J., Zundel, A. K. (2001) ‘Review of automated flood plain 
delineation from digital terrain models’ Journal of Water Resource Planning and 
Management, 127(6) 394-402. 
 
Oberstadler, R., Honsch, H., and Huth, D. (1997) ‘Assessment of the mapping 
capabilities of ERS-1 SAR data for flood mapping: A case study of Germany’, 
Hydrological Processes, 10(10), 1415–1425. 
 
Okamoto, K. and Fukuhara, M. (1996) ‘Estimation of paddy field area using the area 
ratio of categories in each pixel of Landsat TM’, International Journal of Remote 
Sensing, 17, 1735–1749.  
 
Okamoto, K., Yamakawa, S., and Kawashima, H. (1998) ‘Estimation of flood damage of 
North Korea in 1995’, International Journal of Remote Sensing, 19(2), 365–371.   
 
Patel, N. K., Singh, T. P., Sahai, B., and Patel, M. (1985) ‘Spectral response of rice crops 
and its relation to yield and yield attributes’, International Journal of Remote Sensing, 6, 
657–664.   
 
 150
Perry, B., Gesler, W. (2000) ‘Physical access to primary health care in Andean Bolivia’, 
Social Science & Medicine, 50, 1177-88. 
 
Pielke, R. A. Jr. (2000) ‘Flood impact on society: Damaging flood as a framework for 
assessment’, in Parker, D. J. (eds), Floods, Vol – 1, 133 – 156.  
 
Pope, K. O., Rejmankova, E., Paris, J. F. (1997) ‘Detecting seasonal flooding cycles in 
marshes of the Yucatan Peninsula with SIR-C polarimetric radar imagery’, Remote 
Sensing of Environment, 59(2), 157–166. 
 
Profeiti, G. and MacIntosh, H. (1997) ‘Flood management through Landsat TM and ERS 
SAR data: a case study’, Hydrological Processes, 11(10), 1397–1408. 
 
Quan, W., Watanabe, M., Hayashi, S. and Murakami, S. (2003) ‘Using NOAA AVHRR 
data to assess flood damage in China’, Environmental Monotoring and Assessment, 82, 
119–148.   
 
Rango, A. and Anderson, A. T. (1974) ‘Flood hazard studies in the Mississippi River 
Basin using remote sensing’, Water Resource Bulletin, 10(5), 1060–1081. 
 
Rango, A. and Solomonson, V. V. (1974) ‘Regional flood mapping from space’, Water 
Resource Research, 10(3), 473–484. 
 
Rango, A. and Solomonson, V. V. (1977) ‘The utility of short wavelength (<1 mm) 
remote sensing techniques for the monitoring and assessment of hydrological 
parameters’, Proc. 11th Int. Symp. on Remote Sensing of Environ., Ann Arbor, MI, 25–29 
April 1977,  55–64. 
 
Rashid, H. and Pramanik, M. A. H. (1993) ‘Areal extent of the 1988 flood in Bangladesh: 
How much did the satellite imagery show?’, Natural Hazards, 8, 189–200. 
 
Rashid, H., Haider, W. and Hunt, L. (2000) ‘Post flood assessment of emergency 
evacuation policies in the Red River Delta, Southern Manitoba,’ Canadian Geographer, 
44(4), 369-386. 
 
Rashid, H. and Haider, W. (2002) ‘Flood plaint resident’s preference for non-structural 
flood alleviation in the Red River Basin, Manitoba, Canada’ Water International, 27(1), 
132-151. 
 
Reed, S., Johnson, D., and Sweeney, T. (2002) ‘Application of national geographic 
information system data base to support two-year flood and the threshold run-off 
estimate’, Journal of Hydrological Engineering, 7(3), 209–219. 
 
 151
Reidenbach, E. and Pitts, R. (1986), Bank marketing: a guide to strategic planning. New 
Brunswick, NJ: Prentice Hall. 
 
Rejesk, D. (1993) ‘GIS and risk: A three cultural problem’, in M. F. Goodchild, B. O. 
Parks, and L. T. Steyaerts (eds), Environmental Modeling With GIS, Oxford University 
Press, New York, 49–267. 
 
Rizvi, A. I. H. (1957) ‘Pleistocene Terraces of the Ganga Valley’, Oriental Geographer, 
1 (1), 1 – 18. 
 
Rocha, J. S., Marques, Z., Ramos, I., and Ameida, R. (1994) ‘Simulation of risk flood 
areas on GIS’, in Tsakiris and Santos. (eds), Advances in Water Resource Technology 
and Management, Balkema, Rotterdam, 375–383. 
 
Rosenqvist, A., Shimada, M., Chapman, B., Freeman, A., Grande, G. De, and Saatchi, S. 
(2000) ‘The global rainforest mapping – a review’, International journal of Remote 
Sensing, 21(6 & 7), 1375–1387. 
 
Rosenqvist, A., Forsberg, B. R., Pimentel, T., Rauste, Y. A., and Riche, J. E. (2002) ‘The 
use of space borne radar data to model inundation patterns and trace gas emission in the 
central Amazon flood plain’, International Journal of Remote Sensing, 23(7), 1303–1328. 
 
Rosero-Bixby, L. (1993) ‘Physical Accessibility to health facilities in Costa Rica’, Proc. 
International Population Conference, vol. 3 Montreal, 24 August–1 September 1993. 
Liege: International Union for the Scientific Study of Population; 1993. 185–90. 
 
Rauangsiri, P., Sripumin, R., Polongam, S., Kanjanasuntorn, P., and Wongparn, S. (1984) 
‘State of flooding in the Mun-Chi River Basin area, N. E. Thailand by digital Landsat 
data analysis’, Report: Remote Sensing Division, National Resource Council of Thailand, 
Bangkok, Thailand. 
 
Rudra, K. (1987) ‘Quaternary history of the Lower Ganga Distributaries’, Geographical 
Review of India, 49 (3), 38–48. 
 
Rudra K. (2001) The flood in West Bengal: September 2000. Jayasree Press, Kolkata, 
India. 
 
Sado, K., and Islam, M. M. (1997) ‘Satellite remote sensing data analysis for flooded area 
and weather study: Case study of Dhaka city, Bangladesh’, Journal of Hydraulic 
Engineering, 41, 945–950. 
 
Saikh, M., Green, D., and Cross, H. (2001) ‘A remote sensing approach to determine 
environmental flows for wet lands of the Lower Darling River, New South Wales, 
Australia’, International Journal of Remote Sensing, 22(9), 1737–1751. 
 152
 
Sanyal, J. and Lu, X. X. (2004) ‘Application of remote sensing in flood management with 
special reference to monsoon Asia: A review’ Natural Hazards, 33 (2), 283-301. 
 
Sanyal, J. and Lu, X. X., (2003), ‘Application of GIS in flood hazard mapping: A case 
study of Gangetic West Bengal, India’, Proc. Map Asia, 2003, Kula Lumpur, Malaysia 
13th – 15th October.  
 
Sanyal, J. and Lu, X. X. (Forthcoming), ‘Remote sensing and GIS based flood 
vulnerability assessment of human settlements: a case study of Gangetic West 
Bengal,India,’ Hydrological Processes, ? 
 
Saunders RW. 1986. An automated scheme for the removal of cloud contamination from 
AVHRR radiance over western Europe. International Journal of Remote Sensing, 7(7): 
867-888. 
 
Sharma, P. (1999) ‘Flood risk mapping of Dikrong subbasin of Assam’, Proc. Map Asia 
1999. Source: http://www.gisdevelopment.net/proceedings/mapindia/1999/index.htm 
 
Sheng, Y., Su, Y., Xiao, Q. (1998) ‘Challenging the cloud-contamination problem in 
flood monitoring with NOAA/AVHRR imagery’, Photogrammetric Engineering and 
Remote Sensing, 64(3), 191-198. 
 
Shibayama, M. and Akiyama, T. (1989) ‘Seasonal visible, near-infrared and multi 
infrared spectra of rice canopies in relation to LAI and above- ground dry phytomass’, 
Remote Sensing of the Environment, 27, 119–127. 
 
Singh, A. (1989) ‘Digital change detection techniques using remotely-sensed data’, 
International Journal of Remote Sensing, 10, 989–1003. 
 
Smith, L. C. (1997) ‘Satellite remote sensing of river inundation area, stage and 
discharge: A review’, Hydrological Processes, 11, 1427–1439. 
 
Smith, C. and Price, J. (2002) ‘A new generation of flood management’, Arc User, 5(4), 
20–22.   
 
Spate, O. H. K., Learmonth, A. T. A. and Learmonth, A. M. (1967) India and pakistan: a 
general and regional geography Suffolk, Methuen & Co Ltd, Bungay.  
 
Sur, D., Dutta, P., Naiar, G. B., and Bhattacharya, S. K. (2000) ‘Severe cholera outbreak 
following floods in Northern District of West Bengal’ Indian Journal of Medical 
Research, 112, 187-182. 
 
 153
Tappen, G. D., Tyler, D.,Wehde,M., and Moor, D. (1992) ‘Monitoring rangeland 
dynamics in Senegal with AVHRR data’, Geocarto InternationalI, 1, 87–98. 
 
 
Tholey, N., Clandillon, S., and De Fraipont, P. (1997) ‘The contribution of space borne 
SAR and optical data in monitoring flood events; examples in Northern and Southern 
France’, Hydrological Processes, 11(10), 1427–1439. 
 
Toutin, T. (2002) ‘DEMfrom stereo Landsat 7 ETM+ data over high relief areas’, 
International Journal of Remote Sensing, 23(10), 2133–2139. 
 
Townsend, P. A. and Walsh, S. J. (1998) ‘Modelling flood plain inundation using 
integrated GIS with Radar and optical remote sensing’, Geomorphology, 21(98), 295–
312.  
 
United States Geological Survey (USGS). 2003. ( http://edcdaac.usgs.gov/aster 
/ast14dem.html) Accessed on 6th December. 
 
Varley P. (eds) (1994) ‘Disaster, development and the environment’. Chichester, UK: 
Wiley. 
 
Wadge, G., Wislocki, A. P., Pearson, J., and Whittow, J. B. (1993) ‘Mapping natural 
hazards with spatial modeling System’, in P. M. Mather (eds), Geographic Information 
Handling Research and Applications, John Wiley and Sons Inc., New York. 
 
Wang, W., Hess, L. L., Filoso, S., and Melack, T. M. (1995) ‘Understanding the radar 
back scattering from flooded and non-flooded Amazonian Forests: result from canopy 
back scatter modelling’, Remote Sensing of Environment, 54(3), 324–332. 
 
Wang, Y., Colby, J. D., Mulcahy, K. A. (2002) ‘An efficient method for mapping flood 
extent in a coastal flood plain using Landsat TM and DEM data’, International Journal of 
Remote Sensing, 23(18), 3681–3696. 
 
Wiesnet, D. R., McGinnis, D. F., and Pritchard, J. A. (1994) ‘Mapping of the 1973 
Mississippi River floods by the NOAA-2 satellite’, Water Resource Bulletin, 10(5), 
1040–1049. 
 
Wolock, D. M. (1995) ‘Effects of subbasin size on topographic characteristics and 
simulated flow paths in sleepers river watershed, Vermont’, Water Resour Res, 31(8), 
1989-1997. 
 
Yamagata, Y. and Akiyama, T. (1988) ‘Flood damage analysis using multi temporal 
Landsat TM data’, International Journal of Remote Sensing, 9(3), 503–514. 
 
 154
Yang, C., Zhou, C., and Wan, Q. (1999) ‘Deciding the flood extent with Radarsat SAR 
data and Image Fusion’, Proc. 20th Asian Conference of Remote Sensing, Hong Kong, 
22–25 November. 
 
Zhou, C. H., Luo, J. C., Yang, C. J., Li, B. L., Wang, S. L.(2000) ‘Flood monitoring 
using multi-temporal AVHRR and RADARSAT imagery,’ Photogrammetric 













    
 
 
           


































Calculations of Regional Flood Hazard Index 
 
 
ID Name of Blocks District Flood_Fqr Pop_den INDEX 
1 Ausgram-I Bar 1 649 1.144 
2 Ausgram-II Bar 1 385 -4.365 
3 Balagar Hug 2 1051 1.177 
4 Bardhaman-I Bar 0 718 0.000 
5 Bardhaman-II Bar 0 775 0.000 
6 Beldanga-I Mur 4 1563 9.663 
7 Beldanga-II Mur 4 1030 8.508 
8 Berhampur Mur 5 1946 14.567 
9 Bhagawangola-I Mur 5 1070 9.350 
10 Bhagawangola-II Mur 6 868 14.233 
11 Bharatpur-I Mur 5 829 7.977 
12 Bharatpur-II Mur 3 1520 3.199 
13 Bhatar Bar 0 570 0.000 
14 Chakdaha Nd 3 1544 -0.593 
15 Chanditala-I Hug 1 1785 7.782 
16 Chanditala-II Hug 1 3365 6.669 
17 Chapra Nd 3 1519 3.319 
18 Chinsurah-Magra Hug 1 3846 4.427 
19 Dhaniakhali Hug 1 830 0.168 
20 Domkal Mur 5 1024 10.024 
21 Galsi-I Bar 0 605 0.000 
22 Galsi-II Bar 0 482 0.000 
23 Hanskhali Nd 4 1058 4.505 
24 Hariharpara Mur 4 877 8.773 
25 Haringhata Nd 1 1233 -0.971 
26 Haripal Hug 1 1278 0.796 
27 Jalangi Mur 2 1787 4.190 
28 Jamalpur Bar 1 909 -0.729 
29 Jangipara Hug 2 1240 1.068 
30 Kaliganj Nd 5 917 9.215 
31 Kalna-I Bar 2 1182 1.040 
32 Kalna-II Bar 1 825 -0.017 
33 Kandi Mur 5 809 12.840 
34 Karimpur-I Nd 4 779 4.913 
35 Karimpur-II Nd 4 779 4.310 
36 Katwa-I Bar 2 895 0.864 
37 Katwa-II Bar 2 732 1.507 
38 Ketugram-I Bar 2 769 2.207 
39 Ketugram-II Bar 1 648 0.530 
40 Krishaganj Nd 1 879 0.455 
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41 Krishnanagar-I Nd 3 1049 2.531 
42 Krishnanagar-II Nd 2 921 1.149 
43 Lalgola Mur 6 1997 14.217 
44 Mangolkot Bar 2 641 0.320 
45 Manteshwar Bar 0 698 0.000 
46 Memari-I Bar 0 987 0.000 
47 Memari-II Bar 0 733 0.000 
48 Murshidabad-Jiaganj Mur 4 957 7.595 
49 Nabadwip Nd 3 1243 2.900 
50 Nabagram Mur 4 643 7.879 
51 Nakshipara Nd 3 941 4.882 
52 Noada Mur 4 850 8.830 
53 Pandua Hug 1 1001 -5.168 
54 Polba-Dadpur Hug 1 2171 2.392 
55 Purbasthali-I Bar 4 1246 4.067 
56 Purbasthali-II Bar 3 1000 1.775 
57 Raghunathganj-I Mur 6 1631 13.483 
58 Raghunathganj-II Mur 5 1929 13.217 
59 Ranaghat-I Nd 2 1686 2.140 
60 Ranaghat-II Nd 2 1259 1.792 
61 Raninagar-I Mur 4 903 8.753 
62 Raninagar-II Mur 5 796 9.025 
63 Sagardighi Mur 5 731 11.126 
64 Singur Hug 1 1671 -4.169 
65 Srerampur-Uttarpara Hug 1 2820 2.460 
66 Suti-I Mur 4 872 4.476 
67 Tehatta-I Nd 5 1004 15.380 
68 Tehatta-II Nd 5 777 8.112 
69 Santipur Nd 2 1214 1.814 
 
 





















Calculations of Sub-regional (Village Level) Flood Hazard Index 
 
 
Name of Villages Flood_Fqr POP_DEN 
Max_Elevation 
(m) INDEX 
AZTULLANAGAR 1 11.02 25.70 1.000 
KHANJEPUR 1 6.27 15.04 18.000 
CHAKBALARAMPUR 1 0.00 22.00 2.500 
MOBARAKPUR 1 9.78 25.26 1.500 
BHATPARA 1 4.79 46.70 0.250 
SAHAPUR 1 8.74 25.08 1.500 
IMAMGANJ 1 0.00 22.95 2.500 
GARIBPUR 1 13.53 21.95 2.500 
BAGAKHALI 1 7.71 20.08 4.800 
CHAKJALIA PARA 1 7.28 23.89 1.500 
KULGHCHHI 2 9.56 22.27 3.000 
KHASPU 2 4.38 22.17 3.000 
HAULIA 3 14.99 20.28 9.600 
CHAK HAULIA 3 0.00 23.58 5.000 
PURBBACHAK JALIA PARA 3 0.00 22.68 5.000 
SALUA 2 0.00 18.93 12.000 
CHAKKHAS TARANIPUR 3 0.00 22.72 5.000 
GOPALPUR 1 5.53 23.46 2.500 
TARANIPUR 3 12.63 20.38 9.600 
NATNA 3 4.20 21.79 5.000 
PATHAR GHATA 3 8.03 23.46 5.000 
PUTHIMARI 4 28.98 19.50 36.000 
RAJAPUR 4 13.02 26.97 4.500 
NAZIRPUR 1 16.97 22.70 2.500 
BAGADOBA 1 13.90 14.57 24.000 
CHHITKA 1 8.94 20.80 4.800 
BAHADURPUR 3 5.75 22.97 5.000 
CHAK CHILA KHALI 1 11.62 16.13 14.000 
HARIPUR 1 8.37 26.94 1.000 
KANAINAGAR 4 18.42 23.09 11.250 
PRATAPNAGAR 4 6.27 23.74 6.750 
JAYRAMPUR 4 3.49 23.10 11.250 
DAKSHINCHAR CHANDPUR 3 0.00 26.16 2.000 
BINODNAGAR 4 10.76 25.65 4.500 
MRIGI 4 8.18 20.12 21.600 
SARDANGA 3 2.42 24.08 3.000 
CHHATINA 1 5.13 26.15 1.000 
 159
BETAI 2 8.89 23.16 3.000 
BALARAMPUR 1 4.63 30.92 0.250 
EATEPUR 3 13.23 25.04 3.000 
SHRIRAMPUR 4 6.53 27.58 1.125 
UTTAR CHARCHANDPUR 4 3.64 26.06 4.500 
SURUPPUR 2 10.78 25.20 1.800 
TARANGAR 3 9.95 25.81 2.000 
SYAMNAGAR 4 6.20 16.93 63.000 
BAKSIPUR 3 3.59 24.28 3.000 
BHABANIPUR 3 2.58 25.08 3.000 
CHILAKHALI 2 6.61 29.16 0.300 
RAGHUNATHPUR 3 7.84 23.06 5.000 
KRISHNACHANDRAPUR 2 4.53 24.86 1.800 
RAMJI BANPUR 1 7.04 21.03 4.000 
TEHATTA 3 13.16 21.68 5.000 
BETAI JITPUR 2 45.90 28.66 0.300 
KARAIGACHHI 3 5.06 19.91 16.000 
JITPUR 1 7.93 24.45 1.500 
KRISHNANAGAR 4 5.55 24.22 6.750 
RADHANAGAR 4 12.60 25.32 4.500 
RANINAGAR 4 2.73 24.75 6.750 
TUNGI 1 14.29 27.53 1.500 
CHARRADHANAGAR 2 0.00 24.16 1.800 
GOGHATA 5 8.53 27.24 1.500 
CHANDPUR 4 9.63 25.46 4.500 
CHARKANAINAGAR 3 0.00 21.56 5.000 
PATIKABARI 5 13.45 24.07 9.000 
BHAGABANPUR 5 0.00 27.17 1.500 
SIBNAGAR 4 22.03 25.42 4.500 
PACHIMCHARBRINDABANPUR 2 0.00 27.64 0.500 
CHARNARAYANPUR 3 0.00 24.78 3.000 
PURBBACHAR BRINDABANPUR 3 0.00 24.83 3.000 
JAGAIAPUR 3 6.46 20.90 9.600 
MAHAMMADPUR 5 7.73 23.54 15.000 
EDRAKPUR 5 6.98 26.97 6.000 
SAKUA 4 7.84 19.60 36.000 
KANAPARA 4 26.95 24.24 6.750 
SURANGAPUR 5 9.33 18.83 60.000 
RAYPUR 5 4.74 26.99 6.000 
BUNDAI NAGAR 3 9.28 21.98 5.000 
ALAMPUR 3 7.90 21.58 5.000 
DUDHSAR 5 8.65 19.88 48.000 
RAMNA CHANDPUR 4 12.92 19.46 36.000 
ARAZI BIHARIA 2 0.00 23.70 1.800 
KEDAR CHANDPUR 3 5.82 26.93 2.000 
GHORAMARA 3 3.90 22.36 5.000 
CHANDABAD 3 4.51 28.63 0.500 
SONATIKRI 5 10.79 23.57 15.000 
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PARESNATHPUR 5 4.42 26.08 6.000 
CHARSURANAGAR 3 0.00 25.85 2.000 
CHARMADHUPUR 4 0.00 26.77 4.500 
MADHUPUR 3 8.36 21.09 8.000 
CHAR FAZIL NAGAR 4 0.00 22.04 11.250 
MOKTARAPUR 4 23.58 28.12 1.125 
CHANDKATI 4 6.93 24.22 6.750 
GANGADHARI 3 6.99 23.64 3.000 
CHAR GARIBPUR 3 0.00 28.64 0.500 
PASHIM CHALKJALIA 1 14.85 24.54 1.500 
KAMALAPUR 3 0.18 14.43 72.000 
CHAKHANS PUKURIA 2 6.05 28.83 0.300 
DHOPAHAT 3 4.50 28.57 0.500 
KUSHTIA 3 5.48 21.17 8.000 
UZIR PUR 3 4.37 21.50 5.000 
CHANDER GHAT 3 7.81 20.65 9.600 
DHARAMMAPUR 2 3.03 23.14 3.000 
CHAKRUDRANAGAR 3 0.19 28.87 0.500 
RAMNAGAR 4 36.91 27.69 1.125 
CHAK SHATI KHALI 4 14.35 24.62 6.750 
BAOR 4 18.85 27.27 1.125 
NATIPOTA 2 6.54 23.15 3.000 
PANCHDARA ABHAY NAGAR 5 9.21 26.77 4.500 
HANSPUKURIA 3 8.96 17.80 24.000 
BILJIALA 2 0.00 22.19 3.000 
CHAK KOMTHANA 3 0.00 22.53 5.000 
LABANGOLA 4 2.02 18.91 45.000 
RUDRANAGAR 4 13.04 26.32 4.500 
PALASHIPARA 4 13.59 25.86 4.500 
KOMTHANA 4 8.17 27.64 1.125 
ISWAR CHANDRAPUR 2 8.71 23.76 1.800 
CHAK RAMNAGAR 5 0.33 24.57 9.000 
CHARAKPOTA 3 8.40 18.76 20.000 
ABHAYNAGAR 2 4.96 24.91 1.800 
BARNIA 3 16.37 22.23 5.000 
SHATIKHALI 4 2.65 27.79 1.125 
BARUIPARA 5 25.45 26.50 6.000 
BARAIA 5 3091.00 24.14 9.000 
DIGBARIA 4 12.14 27.44 1.125 
NISHCHINTAPUR 4 6.98 27.02 4.500 
GOPINATHPUR 5 8.98 23.98 9.000 
TUNGI 5 14.29 27.53 1.500 
PANCHDARA ABHAY NAGAR 4 9.21 26.77 4.500 
SAHEBNAGAR 5 4.55 26.07 6.000 
DAKATIAPOTA 6 1.53 24.66 9.000 
SARBBANGAR 5 4.17 26.63 6.000 
BALI 5 9.24 27.07 1.500 
CHHOTA NALDAHA 6 6.05 25.03 9.000 
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KULGACHHI 4 8.20 26.65 4.500 
PALSUNDA 5 6.02 25.26 9.000 
TEHATTA 4 6.45 22.32 11.250 
SRIPUR 3 6.11 25.84 2.000 
GAZNIPUR 3 4.55 26.51 2.000 
SAHAJADPUR 2 11.79 19.94 9.600 
CHAR MALOPARA 3 0.00 21.27 5.000 
PADMANABHPUR 3 21.30 23.27 5.000 
CHARSIBNAGAR 3 0.00 24.58 3.000 
JHANJHA 3 0.00 22.27 5.000 
SUNDALPUR 2 10.70 26.18 1.200 
KALUDIAR 2 46.57 24.41 1.800 
CHAR BHAGIRATHPUR 2 0.00 21.20 4.800 
SIDDHI NANDI 2 16.73 14.86 21.600 
JOYKRISHNAPUR 2 5.73 24.37 1.800 
SARBANGAPUR 2 3.71 21.74 3.000 
TARATIPUR 2 14.75 25.66 1.200 
PRATAPPUR 4 10.00 26.63 4.500 
SWARUPPUR 3 19.51 25.41 2.000 
NASIPUR 2 26.07 24.71 1.500 
LOCHAMMATI DANGAPARA 3 4.64 19.94 16.000 
CHOA 3 6.07 32.90 0.500 
MAHISH MARA 2 14.10 23.90 1.800 
BIHARIA 5 5.55 25.84 6.000 
BHANDARDAHA 2 3.27 25.62 1.200 
LAL NAGAR 4 8.21 26.45 4.500 
PRADIPDANGA 3 5.61 28.34 0.500 
TEKPARA 2 6.29 26.21 1.200 
RAMPARA 2 15.17 25.93 1.200 
BIL BHANDARDAHA 4 0.00 25.14 6.750 
SIMULIA JOT 3 0.00 25.25 3.000 
JAMALPUR 2 4.09 26.63 1.200 
RUKUNPUR 4 5.83 25.81 4.800 
JAGANNATHPUR 3 5.96 23.48 5.000 
KHIDIRPUR 3 9.52 25.66 2.000 
BARUIPARA 3 12.19 26.22 2.000 
DHARAMPUR RAMNA 3 7.16 25.72 2.000 
HARIHARPARA 3 7.84 27.07 2.000 
DASTUR PARA 3 9.77 25.93 2.000 
NASIPUR 1 26.07 24.71 1.500 
RUKUNPUR 2 5.83 25.81 4.800 
JANARDDANPUR 2 6.27 22.67 3.000 
TEKONA 2 20.15 20.31 5.760 
RAMKRISHNAPUR 2 7.63 23.37 3.000 
CHAR TEKONA 2 0.00 24.84 1.800 
JAMLABAD 3 5.62 21.93 5.000 
DHARAMPUR 3 5.97 26.98 2.000 
KHAMARBATI 3 5.31 27.96 0.500 
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KUMIPUR PATHARGHATA 3 4.39 22.06 5.000 
SANKARPUR 3 8.39 27.70 0.500 
FATEPUR GOBINDAPUR 3 7.22 18.36 20.000 
JAMIRA 3 4.94 15.00 36.000 
HOSENPUR 3 2.61 28.09 0.500 
RAYPUR 1 7.88 26.38 1.000 
HARISHPUR 1 6.54 25.42 1.000 
KISMAT IMADPUR 3 7.29 26.34 2.000 
KHOSALPUR 2 8.76 24.11 1.800 
MASURDANGA 3 7.09 23.26 5.000 
BAINPUR 2 6.79 23.41 3.000 
JITARPUR 1 5.17 19.29 8.000 
GOBINDAPUR 1 20.63 24.36 1.500 
BALARAMPUR 1 4.46 26.36 1.000 
KHALSHI 1 1.02 25.82 1.000 
CHHOTA SAHARBASA 1 0.00 25.58 1.000 
SAHARBASA 1 17.18 24.91 1.500 
MAMLATPUR 1 31.83 21.20 2.500 
BOCHADANGA 2 6.23 26.43 1.200 
CHAR SAHAJAD PUR 2 0.00 23.55 3.000 
CHAND PUR 4 12.16 25.53 4.500 
BIL BAMAS 4 0.00 25.43 4.500 
DAKSHIN JITPUR 4 15.34 21.09 18.000 
CHAR JITPUR 4 0.00 23.41 11.250 
PARDIAR 4 8.56 26.99 4.500 
ARAZI GARIB PUR 3 0.00 26.05 2.000 
CHAR SALIKA DAHA 3 0.00 19.80 16.000 
CHAR SUNDALPUR 2 0.00 25.75 1.200 
CHAR KALUDIAR 2 0.00 26.27 1.200 
CHAR SYAMPUR 2 10.42 23.71 1.800 
DAKSHIN PANCHANAN PUR 2 0.00 28.83 0.300 
GOKULPUR GOBINDAPUR 2 13.41 19.59 9.600 
CHAR PANCHANAN PUR 2 0.00 25.17 1.800 
PANCHANAN PUR 2 10.95 20.19 5.760 
SAMBHU NAGAR 3 7.67 28.33 0.500 
BAJIT PUR 3 44.48 19.43 16.000 
HETAN PUR 2 29.70 25.22 1.800 
BANIAKHALI 2 9.77 21.15 4.800 
MASIMPUR 2 4.73 20.42 5.760 
SRIPATI PUR 2 9.30 24.41 1.800 
KALABARIA 2 3.78 24.20 1.800 
CHAR JURANPUR 4 0.00 24.64 6.750 
CHAR KUSBARIA 4 0.00 20.70 21.600 
CHARJ NAGAR 4 9.84 25.41 4.500 
KALYANPUR 4 35.85 20.13 21.600 
KUSBARIA 4 9.77 26.98 4.500 
JURANPUR 4 7.07 22.51 11.250 
PIROJ PUR 3 10.54 22.94 5.000 
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GARIBPUR 4 10.70 26.31 4.500 
BIL NAYANKHALI 4 0.00 27.70 1.125 
CHAR PADMANABH PUR 3 0.00 23.28 5.000 
CHAK LASKAR PUR 3 0.00 16.68 28.000 
SABDAL PUR 4 5.52 22.75 11.250 
BAGDANGA 3 7.68 24.30 3.000 
SIBNAGAR LASKARPUR 3 11.64 20.92 9.600 
BRINDABANPUR CHAK 4 7.16 23.88 6.750 
MADHUR KOL 3 16.86 25.21 3.000 
SULTANPUR 4 4.77 27.59 1.125 
MAS DANGA 3 0.00 24.62 3.000 
CHAR MOMEN PUR 2 0.00 23.36 3.000 
MAMEN PUR 3 7.78 28.70 0.500 
JHAUBARIA 3 0.00 27.79 0.500 
AMINABAD 2 12.21 19.53 9.600 
SAHADIAR 3 5.72 18.87 20.000 
KUCHEMORA 3 17.39 24.82 3.000 
SRIKRISHNA PUR 3 4.08 14.98 36.000 
GARAIMARI 5 9.58 27.54 1.500 
HARISANKAR PUR 3 4.88 26.19 2.000 
KHIDIR PARA 3 3.76 26.71 2.000 
MOHAN PUR 3 8.64 15.17 36.000 
KUPILA 4 11.58 25.37 4.500 
KATA KOPRA 3 5.49 24.76 3.000 
MAMUDPUR 2 11.29 18.12 12.000 
CHAK BHIKHARI 2 14.82 24.07 1.800 
BAGHARPUR RAMNA 3 8.54 28.23 0.500 
MALATI PUR 3 11.09 23.32 5.000 
LAKSHMINATH PUR 3 11.79 24.63 3.000 
MANIK NAGAR 3 14.00 17.50 24.000 
MAHABUB NAGAR 4 1.68 21.98 11.250 
JAYRAMPUR 3 2.87 25.78 2.000 
PAR RAGHUNATHPUR 3 5.40 26.62 2.000 
RADHAKANTA PUR 4 5.96 23.81 6.750 
DEBOTTAR LAKSHMINARAYANPUR 3 6.02 22.71 5.000 
PAR RAGHUNATHPUR 3 5.40 26.62 2.000 
JOTKANAI 3 5.62 22.83 5.000 
NARAJ PUR 3 4.17 17.51 24.000 
BILASPUR 3 9.29 23.93 3.000 
RAYPUR 3 10.36 17.23 24.000 
BHAGIRATH PUR 3 16.42 17.86 24.000 
JITPUR 4 5.66 20.30 21.600 
SEKHALI PARA 3 5.41 25.06 3.000 
DAKSHIN NAGAR 2 9.61 20.09 5.760 
JUGINDA 4 8.61 22.17 11.250 
GOBINDAPUR 2 7.09 33.88 0.300 
BATKA MARI 3 5.57 19.29 16.000 
JORGACHHA 3 10.44 25.01 3.000 
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AZIMGANJA GOLA 3 78.56 21.65 5.000 
GANRA BARIA 3 10.09 22.28 5.000 
DOMKAL 4 8.18 24.51 6.750 
BHATSALA 4 10.68 23.55 11.250 
RAMNA ETBAR NAGAR 
BASANTAPUR 4 7.77 24.20 6.750 
TARAF RASULPURPATNIPARA 4 10.75 27.91 1.125 
HARHARIA CHAK 1 33.79 28.96 0.250 
HARHARIA CHAK 2 33.79 28.96 0.250 
CHAR GARAMGARI 3 22.96 16.58 28.000 
ARAZI KALIBARIA 2 0.00 21.20 4.800 
ISLAMPUR 1 25.74 24.46 2.500 
ISLAMPUR 4 25.74 24.46 2.500 
DIGHIRPAHAR 2 10.66 23.60 3.000 
NALBATTA 3 7.51 20.77 9.600 
GAJEPARA 3 20.38 21.78 5.000 
HASIMPUR 3 6.36 29.07 0.500 
BORAKULI 4 6.22 26.63 4.500 
KASBAGOAS 4 4.86 24.26 6.750 
BALUMATI 4 17.22 28.37 1.125 
CHAR RADHABALLABH PUR 4 0.00 27.07 4.500 
DAKSHIN GOPALPUR 4 5.53 28.12 1.125 
RAMIPUR 4 8.62 27.50 1.125 
TEKARAIPUR 4 11.62 26.30 4.500 
HARIBHANGA DAULATPUR 4 7.58 18.00 54.000 
CHANDPUR 3 5.63 26.42 2.000 
RAOSANNAGAR 3 23.51 19.50 16.000 
CHAR HULASPUR 2 5.22 19.27 9.600 
PAHARPUR 2 12.66 23.21 3.000 
SINKAIPUR 2 3.04 24.05 1.800 
FIROJPUR 2 6.30 29.08 0.300 
MAHESWARPURI 3 6.02 22.90 5.000 
CHATRA 1 6.22 16.91 14.000 
AZMATPUR 4 4.34 19.63 36.000 
GOAS KALIKA PUR 5 7.33 25.85 6.000 
SITANAGAR 4 13.39 21.39 11.250 
RAIPUR 4 3.72 23.81 6.750 
MANIKNAGAR 3 4.49 21.54 5.000 
BIL BHANDARDAHA 2 0.00 25.46 1.200 
PALAIGHATA 2 18.15 18.79 12.000 
KHEALI 1 4.76 16.47 14.000 
BETBERIA 1 12.73 19.75 8.000 
RATANPUR 1 9.19 29.24 0.250 
SAHAPUR 2 5.60 22.21 8.000 
SATTARPUR 2 3.46 22.77 3.000 
ANDUL BARIA 5 6.19 18.76 60.000 
SHUKUR PUKUR 3 7.51 18.56 20.000 
KASHI PUR 4 11.93 26.45 4.500 
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JAFRABAD 2 4.61 83.33 0.300 
KAZISAHA 3 29.83 20.57 9.600 
CHAKHIJLI 1 80.29 23.78 1.500 
BISHANNAGAR 3 12.41 22.40 5.000 
KAHARPARA 2 0.00 21.77 3.000 
CHAITANYAPUR 2 5.20 21.47 3.000 
MADDA 2 14.62 26.27 1.200 
NAODA 2 10.45 23.10 3.000 
DALUA 1 11.69 21.16 4.000 
RAMESWARPUR 1 22.64 18.59 10.000 
NAZIR PUR 2 10.71 24.20 1.800 
TEGHARIA 3 32.08 27.76 0.500 
KULBARIA 4 9.23 28.10 1.125 
GOPAL PUR 3 15.54 23.12 5.000 
JHIKRA 4 3.91 24.75 6.750 
BEGUNBARI 3 34.47 25.87 2.000 
SAHAPUR 1 5.60 22.21 8.000 
KAPASDANGA 3 7.45 26.17 2.000 
SIMULIA 4 8.59 24.89 6.750 
NAOPARA 3 5.02 24.62 3.000 
PANCH BARIA 3 3.38 23.72 3.000 
CHAR PANCHANANPUR 2 0.66 26.40 1.200 
CHAR HARHARIA 2 0.00 22.26 3.000 
CHARISLAMPUR 4 0.13 23.97 6.750 
GANTI BAISNAB CHARAN 4 1.96 20.37 21.600 
NUTAN PARA 3 6.10 25.03 3.000 
GARAMGARI 3 11.31 24.58 3.000 
GANGAPRASAD 3 5.20 23.96 3.000 
MIRPUR 3 0.44 25.49 2.000 
HABIPUR 3 1.09 20.45 9.600 
NIDHINAGARSARSABAD 3 10.61 21.47 5.000 
MADAN PUR 3 9.95 26.03 2.000 
KALADANGA 4 12.65 26.19 4.500 
PURBAGOPINATHPUR 1 10.98 19.38 8.000 
RUHAR PARA 3 5.34 28.80 0.500 
DHANAI PUR 3 11.04 22.94 5.000 
SUNDALPUR 3 3.72 23.28 5.000 
SADIPUR 1 3.20 30.19 0.250 
GORAIPUR 1 8.43 17.50 12.000 
BALIHARPUR 3 2.80 21.24 5.000 
MUKUNDAPUR 1 4.59 20.56 4.800 
DADPUR 3 9.71 23.53 5.000 
BALIA DANGA 1 4.80 19.55 8.000 
HARI RAM PUR 1 9.82 22.91 2.500 
CHHAYGHARI 3 8.16 23.10 5.000 
CHUTIPUR 2 10.04 17.13 14.400 
SELAMATPUR 3 7.29 27.92 0.500 
IDIL PUR 1 0.00 25.06 1.500 
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DAULATABAD 1 12.85 17.05 12.000 
CHHOTAGARA BASA 1 0.00 19.14 8.000 
PURANDAR PUR 1 9.26 22.43 2.500 
MULI 1 4.52 21.24 2.500 
JHANJHA 1 5.61 30.42 0.250 
MULI ARAZI 1 4.75 18.60 10.000 
BARANALDAHA 5 6.68 25.29 9.000 
CHHOTACHANDGHAR 5 3.20 27.43 1.500 
BARACHANDGHAR 5 3.35 25.18 9.000 
SHITALPUR 4 4.05 24.40 6.750 
MOLAMDI 4 3.04 28.66 1.125 
 1  0.00 0.000 
 
 
 
